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R: REDACTED MATERIAL 


CURRICULUM VITAE 

1- PERSONAL INFORMATION 


NAME 
BIRTHDATE 
PLACE OF BIRTH 
CITIZENSHIP 
HOME ADDRESS 

MARITAL STATUS 


SYMANN Michel 

HSOA0HD 




2. EDUCATION 


HIGH SCHOOL EDUCATION ‘ _ 

1954 - 1960 : Humanites Greco-Latines 

College Saint Michel, Brussels 

UNIVERSITY EDUCATION 

I960 - 1967 : Studies towards the degree of Medical Doctor, Catholic 

University of Louvain. Degree obtained in June 1967 with 
Magna Cum Laude. 


POST-GRADUATE TRAINING 

October 1971 - July 1973 : Hematology Research Fellow in the laboratory of 

Professor Frederick Stohlman Jr., Tufts University, 
Brighton, Massachusetts, 02135, U.S.A. 

October 1970 - September 1971 : Foreign Resident Doctor in the Department of 

Professor J. Bernard, Hdpital Saint-Louis, Place du 
Docteur Fournier, 2 Paris X, France 


August 1967 - September 1970 : Full-time Resident in the Department of Internal 

Medicine, Professor F. Lavenne, Cliniques 
Universitaires St Pierre, Louvain, Belgium 

POST-GRADUATE EXAMINATION 


1979 


Agrege de l’Enseignement Superieur (PhJD.) 


1970 (May) : Certification Examination in Internal Medicine 

1970 (February) : E.C.F.M.G. - written successfully 

1967 : Competition for the admission to the Department of Internal 

Medicine organized by the Commission of Internal Medicine, 
Catholic University of Louvain. Placed 3rd out of 34 candidates. 
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ACAPEM1CVPROFESSIONAL APPOINTMENTS 


October 1990 - present 


June 1988 - present 


September 1981i - October 1990 


October 1978 - December 1988 


October 1976 - September 1981 


August 1973 - October 1976 


July 1972 - July 1973 


Professor of Medicine 
Catholic University of Louvain, 

Brussels, Belgium 

Head, Unite Facultaire d’Oncologie (Laboratory 
of Experimental Oncology and Hematology), 
Catholic University of Louvain 

Associate Professor of Medicine 

Charge de Cours Extraordinaire 

Catholic University of Louvain, Brussels, 

Belgium 

Medical Director 

Ludwig Insitute for Cancer Research (Brussels 
Branch), Avenue Hippocrate, 74, UCL 7459, 
1200 Brussels 

Chef de Travaux 

Unite de Recherche sur les Maladies du Sang 
Catholic University of Louvain 

Premier Assistant 

Unite de Recherche sur les Maladies du Sang, 
Catholic University of Louvain 

Instructor in Medicine 

Tufts School of Medicine, Boston, 
Massachusetts,02ill, U.S.A. 


4- HOSPITAL APPOINTMENTS 


October 1988 - present 


October 1984 - September 1988 


December 1983 - September 1984 


August 1976 - November 1983 


Head 

Clinical Oncology Department 
St Luc University Hospital; 

Chef de Clinique 

Clinical Oncology Unit, St Luc University 
Hospital, University Hospital, Avenue 
Hippocrate 10, 1200 Brussels 

Chef de Clinique Associe 

Hematology and Oncology Units, St. Luc 

University Hospital 

Chef de Clinique Adjoint 

Hematology Unit, St Luc University Hospital 


5. UNIVERSITY/HQgPITAL , COMMITT EES 


1984 - 1988 


1980 - 1982 


Groupe de travail. Hospitalisation de Jour, 
Conseil Communautaire des Etablissements dfe 
soins, Ministere de la Communaut6 Frangaise 

Conseil de Recherche, Catholic University of 
Louvain 
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SCIENTIFIC - ApMITSISTRATIVEJRESFQNSABILITIES 


1989 - present 

Secretaire General, Oeuvre Beige du Cancer 

21 Rue des Deux Eglises, 1040 Bruxelles 

1988 - present 

: Member of the Advisory Committee* International Autologous Bone 

Marrow Transplantation Registry 

1988 - 1990 

: Member of the Scientific Committee of the "Association contre le 

Cancer", Place du Samedi 13, Bte 13, 1000 Bruxelles 

1988 - present 

: Member of the "Comity Scientifique de Tlnstitut 

d’Hematologie", Universite Paris VII, Hdpital Saint-Louis, 2 Place du 
Docteur-Fournier, 75475 Paris Cedex 10 

1987 - present 

: Member of the Scientific Committee of "Eurocancer" 

1987 - present 

: ' Member of the "Comite de Coordination dans Ie domaine du cancer”, 
INSERM (France) 

1986 - present 

: Administrates, Oeuvre Beige du Cancer 21 Rue des Deux Eglises, 1040 

Bruxelles 

1985 - present 

: Member of the Scientific Committee of the "European School of 

Haematology" 

1976 - 1988 

: Head, Laboratoire d’H6matologie Experimentale,Catholic University of 


Louvain 

I 7. HONORS 

1991 

, 1984 - 1992 

i 

1984 - 1985 

1 

L 

1983 - 1988 

^ 1972 - 1973 

f 

L 1971 - 1972 

T 1970 - 1971 

i 

*■- 

^ 8. EDITORIAL BOARD 

Experimental Hematology 
L: Focus on Growth Factors 


Founding Member of the European Hematology Association 


Chairman, E*O.R.T.C. Autologous Bone Marrow Transplantation Study 
Group . 

President of the "Groupe Proliferation et differentiation 
cellulaire". Society Fran^aise d’Hematologie 

Member of the International Institute of Cellular and Molecular 

Pathology (Brussels) 

Public Health Service International Fellowship (National Institutes of 
Health, U.S.A.) 

Damon Runyon Memorial Cancer Research Fellowship (U.S.A.) 
Fellow of the "College de Medeciae des Hopitaux de Paris" 


to* 

f * 
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R: REDACTED MATERIAL 


9. SCIENTIFIC SOCIETY MEMBERSHIPS 

REDACTED 


REDACTED 


10. INVITED SPEAKER AT THE UNIVERSITY 


ULB (Belgique), Paris (France), Friburg (Allemagne), Harvard (USA), VUB (Belgique), Liege 
(Belgique), Lyon (France), Grenade (Espagne), Charlottesville (USA), Nebraska (USA), Berlin 
(Allemagne), Besan?on (France), KUL (Belgique) L- 
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PUBLICATIONS 


1. SOKAL G, SYMANN M. 

Hemoglobinurie de marche chez une jeune fille. 

Nouv Rev Fr Hematol 1972; 12:901-906. 

2. STOHLMAN F Jr, QUESENBERRY P, NISKANEN E, MORLEY A, TYLER W, 
RICHARD K, SYMANN M, MONETTE F, HOWARD D. 

Control of granulopoiesis - in Haemopoietic stem cells. 

Ciba Foundation Symposium 13. Amsterdam: Elsevier, l : 973;205-223. 

3. QUESENBERRY P, NISKANEN E, SYMANN M, HOWARD D, RYAN M, HALPERN 
J, STOHLMAN F Jr. 

Growth of stem cell concentrates in diffusion chambers. 

Cell Tissue Kinetics 1974; 7:337-348. 

4. NISKANEN E, TYLER WS, SYMANN M, STOHLMAN F Jr, HOWARD D. 

The effect of neutropenia on the cell cycle of granulocyte precursors in an in vivo culture 
system. 

Blood 1974;43:23-31. 

5. TYLER WS, NISKANEN E, SYMANN M, STOHLMAN F Jr. 

Studies on myelopoiesis and stem cells: proliferation in in vivo culture system. 

In ROBINSON WA, ed. Hemopoiesis in culture : Sponsored by the National Cancer 
Institute, 1974;171-179. (DHEW Publication N* (NIH)74-205). 

6. SYMANN M. 

Anemies macrocytaires. 

Louvain Med 1975; 94:225-226. 

7. SYMANN M. 

Virus et leucemies humaines. 

Documents de Synthase, Association Royale de la Presse Medicale Beige 1975. 

8. SYMANN M, FONTEBUONI A, QUESENBERRY P, HOWARD D, STOHLMAN F Jr. 
Fetal hemopoiesis in diffusion chamber cultures: I. The pattern of pluripotent stem cell 
growth. 

Cell Tissue Kinetics 1976; 9:41-49. 

9. SYMANN M, QUESENBERRY P, FONTEBUONI A, STOHLMAN F Jr. 

Fetal hemopoiesis in diffusion chamber cultures: II. Cell proliferation and differentiation. 
Nouv Rev Fr H6matol 1976; 16:321-328. 

10. SYMANN M, QUESENBERRY P, FONTEBUONI A, HOWARD D, RYAN A, 
STOHLMAN F Jr. 

Fetal hemopoiesis in diffusion chamber cultures: III. The effect of neutropenia. 

Blood 1976; 48:283-291. 

11. SYMANN M, RODHAIN J, HUMBLET Y. 

La greffe de moelle osseuse humaine allogenique. 

Louvain Med 1977; 96:115-120. 

12. SYMANN M, ANCKAERT MA, CORDIER A, RODHAIN J, SOKAL G. 

Murine yolk sac hematopoiesis studied with the diffusion chamber technique. 

Exp Hematol 1978; 6:749-759. 

13. SYMANN M. 

Fetal hemopoiesis in diffusion chamber cultures. 

These d’Agregation de l’Enseignement Superieur 1979. 
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14. HUYBRECHTS M, SYMANN M, TROUET A. 

Effects of daunorubicin and doxorubicin, free and associated with DNA on hemopoietic 
stem cells. 

Cancer Res 1979; 39:3738-3743. 

15. HUYBRECHTS M, SYMANN M, TROUET A. 

The diffusion'chamber technique as an in vivo assay in mice for the effectiveness of 
antitumor agents. 

Scand J Haematol 1979; 23:223-226. 

16. HUYBRECHTS M, SYMANN M. 

La culture de moelle dans les leucemies et les cytopenies. 

Documents de Synthese, Association Royale de la Presse Medicale Beige 1980; 1 OS- 

112 . 

17. QUESENBERRY P, SULLIVAN R, FONTEBUONI A, LEVITT L, NISKANEN E, 
SYMANN M, MONETTE FC, ZUCKERMAN'A, RYAN M. 

Studies on the regulation of diffusion chamber granulopoiesis. 

In CRONKITE EP and CARSTEN AL, eds. Diffusion chamber culture - Hematopoiesis j 
cloning of tumor, cytogenetic and carcinogenic assays. 

Berlin: Springer Verlag, 1980; 44-53. 

18. HUYBRECHTS M, TROUET A, SYMANN M. 

Activity in vivo of daunorubicin assayed by the diffusion chamber technique. 

Nouv Rev Fr Hematol 1980; 22:1-5. 

19. SYMANN M, RODHAIN J, HUYBRECHTS M, CHATELAIN C, HUMBLET Y, 
CANON JL, SOKAL G. 

In vivo studies of a murine myeloblastic leukemia. 

Nouv Rev Fr H6matol 1980; 22:63-68. 

20. SYMANN M, ANKAERT MA, QUESENBERRY P, FONTEBUONI A, RODHAIN J, 
CHATELAIN C, HUYBRECHTS M, SOKAL G. 

Fetal stem cells in diffusion chamber cultures. 

In LUCARELLI G, FLEEDNER TM, GALE RP, eds. Fetal Liver Transplantation. 
Amsterdam: Exc Med 1980 ; 19-28. 

21. SYMANN M, HUYBRECHTS M, CHATELAIN C, CANON JL, RODHAIN J, SOKAL 
G. 

Regulation of granulocyte and macrophage formation studied in vivo with 
the diffusion chamber technique. 

Nouv Rev Fr Hematol 1980; 22 (Suppl):17-24. 

22. FERRANT A, RODHAIN J, CORDEER A, SYMANN M, MICHAUX JL, SOKAL G. 
Selective hypoplasia of pelvic bone marrow. 

Scand J Haematol 1980; 25:12-18. 

23. HULHOVEN R, MICHAUX JL, CORNU G, FERRANT A, SYMANN M, BOSLY A, 
DELANNOY A, DUTRIEUX-FAUCHET MC, SOKAL G. 

Vindesine and Prednisone in the treatment of relapsed lymphomalignancies, blastic crisis 
of chronic myelocytic leukemia and acute myelomonocytic leukemia. 

In BRADE E, NAGEL GA, SEEBER S, eds. Proceedings of the International Vinca- 
Alkaloid Symposium - Vindesine. Basel: S. Karger, 1981 ; 143-150. 

24. SYMANN M, DE MONTPELLIER C, N1NANE J, VAN DEN' BERGHE H. 
"Spontaneous" erythroid progenitor cells in the circulation and monosomy 7 in juvenile 
chronic myelogenous leukemia. Short communication. 

Cancer Gen and Cytogen 1982; 6:183-185. 
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25. SYMANN M, NINANE J, ANCKAERT MA, HUYBRECHTS M, SOKAL G. 

In vivo stimulation and inhibition of granulopoiesis. 

Exp Hematol Today 1982; 31-36. 

26. SYMANN M, ANCKAERT MA, HUYBRECHTS M, NINANE J, CANON JL, SOKAL 
G. 

In vivo stimulation and inhibition of granulopoiesis. The effect of an inflammatory 
reaction on murine diffusion chamber granulopoiesis. 

Brit J Haematol 1982; 51:89-98. 

27. DE MONTPELLIER C, CORNU G, RODHAIN J, SOKAL G, SYMANN M. 

Myeloid stem cell kinetics in children hypertransfused during remission induction of 
acute lymphoblastic leukemia. 

Blood Cells 1982; 8:439-444. 

28. SYMANN M. 

Les greffes de moelle osseuse allogenique au autologue: domaine experimental ou realite 
dans le traitement du cancer ? 

Louvain Med 1982; 101:255-257. 

29. SYMANN M, BOSLY A. 

Progrts dans la chimiotherapie de quelques tumeurs solides. 

Louvain Med 1982; 101: 258-260. 

30. ANCKAERT MA, SYMANN M. 

In vivo induction of granulopoiesis in visceral yolk-sac cells by foetal hepatic factors. 

J Embryol Exp Morphol 1983; 73:87-95. 

31. NINANE J, CANON JL, CORNU G, SOKAL G, SYMANN M. 

Effect of lithium of diffusion chamber granulopoiesis. 

Int J Cell Cloning 1984; 2:216-226. 

32. SYMANN M, LEBACQ AM, GORIN NC, HUMBLET Y, LOPEZ M, DOUAY L, 
BOSLY A, LAPORTE JP, NINANE J, SALMON Ch, BAZIN H, NAJMAN A, CORNU 
G, DUHAMEL G, SOKAL G. 

Transplantation of autologous bone marrow treated with two rat cytotoxic anti-CALLA 
monoclonal antibodies. 

In SPITZY KH, KARRER K, eds. Proceedings of the 13th International Congress of 
Chemotherapy. Vienna: SS 76-11, 1983; 232:38-42. 

33. SYMANN M, BOSLY A, HUMBLET Y, DELAUNOIS L, STEYAERT J, FRANCIS C, 
MACHIELS J, PRIGNOT J. 

Late intensification chemotherapy and autologous bone marrow transplantation in small 
cell lung cancer. 

In SPITZY KH, KARRER K, eds. Proceedings of the 13th International Congress of 
Chemotherapy. Vienna: SS 76-7,1983; 232:20-24. 

34. MECUCCI C, MICHAUX JL, BROECKAERT VAN ORSHOVEN: A, SYMANN M, 
BOOGAERTSM, KULLING G, VAN DENBERGHE H. Translocation t(3;17)(q26;q22): 
A marker of acute disease in myeloproliferative disorders ? 

Cancer Gen and Cytogen 1984; 12:111-119. 

35. HUMBLET Y, SYMANN M, BOSLY A, DELAUNOIS L, STEYAERT J, FRANCIS C, 
MACHIELS J, PRIGNOT J. 

Late intensification chemotherapy with autologous bone marrow infusion in small cell 
lung cancer. Preliminary results of a randomized trial. 

In Me VIE JG, DALESIO O, SMITH IE, eds. Autologous bone marrow transplantation and 
solid tumors. E.O.R.T.C. Monographs. New York: Raven Press, 1984; 97-103. 
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36. LEBACQ-VERHEYDEN AM, HUMBLET Y, RAVOET AM, SYMANN M. 

Immunological removal of cancer cells in bone marrow autografts : Setting the 
experimental conditions. 

In McVIE JG, DALESIO O, SMITH IE, eds. Autologous bone marrow transplantation 
and solid tumors. E.O.R.T.C. Monographs. New York: Raven Press, 1984;19-28. 

37: WILLARD KE, HUMBLET Y, SYMANN M. 

Leukocyte membrance proteins in chronic lymphocytic leukemia, as studied by two- 
dimensional gel electrophoresis. 

Clin Chem 1984; 30:2069-2077. 

38. MECUCCI C, SYMANN M, BOSLY A, TRICOT G, VAN DEN BERGHE H. 

Presence of Trisomy 12 in an EBV transformed cell line derived from a patient with hairy 
cell leukemia. 

In QUAGLINO D, HAYHOE FGJ, eds. International Symposium on the cytobiology of 
leukaemias and lymphomas. New York: Serono, Symposia publication Vol. 20. Raven 
Press, 1985;371-373. 

39. LEBACQ-VERHEYDEN AM, HUMBLET Y, NEIRYNCK A, RAVOET A, SYMANN 
M. 

Four rat cytotoxic monoclonal antibodies for the in vitro treatment of bone marrow 
autografts in non-T non-B acute lymphoblastic leukemias. In DICKE KA, SPITZER G, 
ZANDER A, eds. Autologous bone marrow transplantation. Proceedings of the First 
International Symposium. Houston, Texas: University of Texas M.D. Anderson Hospital 
and Tumor Institute, 1985;419-423. 

40. SYMANN M, HUMBLET Y, BOSLY A, DELAUNOIS L, FRANCIS C, PRIGNOT J. 
Treatment of small cell lung cancer with non-cross resistant induction and intensive 
consolidation chemotherapy plus autologous marrow transplantation. A randomized study. 
In DICKE KA, SPITZER G, ZANDER A, eds. Autologous bone marrow transplantation. 
Proceedings of the First International Symposium. Houston, Texas: University of Texas 
M.D. Anderson Hospital and Tumor Institute, 1985;161-165. 

41. SYMANN M, NINANE J, HAMOOD M, CHATELAIN C, CANON JL, SOKAL G. 

In vivo stimulation and inhibition of granulopoiesis at the stem cell level. In CRONKITE 
E, ed. Stem cell physiology. New York: Alan R. Liss, 1985;203-212. 

42. SYMANN M, CHATELAIN C. 

Physiopathologie de la maladie de Vaquez. 

In NAJEAN Y, ed. Les Polyglobulies. Paris: Masson, 1985; 15-34. 

43. SYMANN M, CHATELAIN C, HUMBLET Y. 

Reunion conjointe des Groupes d’Etudes sur "La proliferation et la differenciation 
cellulaire" et TH6mostase et la thrombose*. Bruxelles, 26-27 octobre 1984. 

Nouv Rev Fr H6matol 1985; 27:333-346. 

44. GHIONE F, MECUCCI C, SYMANN M, MICHAUX JL, CASTEELS-VAN DAELE M, 
VAN DEN BERGHE H. 

Cytogenetic investigations in childhood chronic myelocytic leukemia. 

Cancer Gen and Cytogen 1986; 20:317-323. 

45. CEULEMANS F, HUMBLET Y, BOSLY A, SYMANN M, TROUET A. 

A phase I study of vinblastine tryptophan ester. 

Cancer Chemoth and Pharmacol 1986; 18:44-46. 

46. COIFFIER B, BOSLY A, CALIGARIS-CAPPIO F, GISSELBRECHT C, PATTE C, 
SCHAADT M, SYMANN M. 

Management of Non-Hodgkin’s Lymphomas : Conclusions of the European School of 
Oncology meeting 1986. Eur J Cancer Clin'Oncol 1987; 23:1691-1695. 
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47. SYMANN M, HUMBLET Y, CANON JL, LEBACQ-VERHEYDEN AM. 

Detection of bone marrow metastases in small: cell lung cancer by tumor stem cell assay 
and by monoclonal antibodies. 

In Dicke KA, Spitzer G, Jagannath S, eds: Autologous bone marrow transplantation. 
Proceedings of the Third International Symposium. Houston, Texas: University of Texas 
M.D. Anderson Hospital and Tumor Institute, 1986;509-513. 

48. BOSLY A, SYMANN M. 

Effect of recombinant human interleukin 2 on T-L CFU after autologous bone marrow 
transplantation: Preliminary Results. 

In Dicke KA, Spitzer G, Jagannath S, eds: Autologous bone marrow transplantation. 
Proceedings of the Third International Symposium. Houston^ Texas: University of Texas 
M.D. Anderson Hospital and Tumor Institute, 1986;697-703. 

49. HUMBLET Y, SYMANN M, BOSLY A, DELAUNOIS L, FRANCIS C, MACHIELS J, 
BEAUDUIN M, DOYEN C, WEYNANTS P, J LONGUEVILLE, PRIGNOT J. 

Late intensification chemotherapy with autologous bone marrow transplantation in 
selected small cell carcinoma of the lung : A randomized study. 

J Clin Oncol 1987; 5:1864-1873. 

50. HUMBLET Y, SYMANN M. 

Clinical Studies of high dose therapy plus autologous bone marrow transplantation in 
small cell lung cancer. 

Bone Marrow Transplantation 1987; 2(Suppl 1):194-196. 

51. BOSLY A, STAQUET Ph, DOYEN C, CHATELA1N B, HUMBLET Y, SYMANN M. 
Recombinant human Interleukin-2 restores in vitro T cell colony formation by peripheral 
blood mononuclear cells after autologous bone marrow transplantation. 

Exp Hematol 1987; 15:1048-1054. 

52. CHATELAIN C, DE BAST M, SYMANN M. 

Identification of a light density murine megakaryocyte progenitor. 

Blood 1988; 72:1187-1192. 

53; HUMBLET Y, CANON JL, SEKHAVAT M, FEYENS AM, MANOUVRIEZ P, 
LEBACQ-VERHEYDEN AM, BAZIN H, PRIGNOT J, SYMANN M. 

Detection of small cell lung cancer bone marrow metastases by immunofluorescence. 
Path Biol 1988; 36:25-28. 

54. HUMBLET Y, SYMANN M. 

Detection of small cell lung cancer bone marrow metastases by tumor stem cell assay. 
Path Biol 1988; 36:83-85. 

55. CANON JL, HUMBLET Y, LEBACQ-VERHEYDEN AM, MANOUVRIEZ P, BAZIN 
H, RODHAIN J, PRIGNOT J, SYMANN M. 

Immunodetection of small cell lung cancer metastases in bone marrow using three 
monoclonal antibodies. 

Eur J Cancer Clin Oncol 1988; 24:147-150. 

56. LEBACQ-VERHEYDEN AM, NEIRIJNCK A, RAVOET AM, HUMBLET Y, OIE H, 
LINNOILA I, GAZDAR A, MINNA J, SYMANN M. 

Monoclonal antibodies for the in vitro detection of small cell lung cancer metastases 
in human bone marrow. 

Eur J Cancer Clin Oncol 1988; 24:137-145. 

57. HUMBLET Y, SEKHAVAT M, FEYENS AM, SYMANN' M. 

Cytotoxicity of Workshop Monoclonal Antibodies in the Presence of Complement. Lung 
Cancer 1988; 4:90-91. 

58. JACQUES CH, LEFEVRE PH, DEWITTE A, NGUYEN R, HUMBLET Y, 
LONGUEVILLE J, SYMANN M. 

Du nouveau en Oncologie : le Centre de Traitement Ambulatoire des cliniques St Luc, 
alternative a 1’Hospitalisation classique. Louvain Med 1988; 107:1-7. 
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59. HUMBLET Y, LEFEBVRE P, JACQUES HL, BOSLY A, FEYENS AM, SEKHAVAT 
M, AGALIOTIS D, SYMANN M. 

Concentration of Bone Marrow Progenitor Cells by Separation on a Percoll Gradient using 
the Haemonetics Model 30. Bone Marrow Transplantation 1988; 3:63-67. 

60. WEYNANTS P, WAUTERS P, COULIE PG, VAN DEN EYNDE B, SYMANN 
M, BOON T. 

Cytolytic response of human T cells against allogeneic small cell lung carcinoma treated 
with interferon gamma. Cancer Immunol'Immunoth 1988;27:228-232. 

61. LONGUEVILLE J, HUMBLET Y, SYMANN M. 

Les marqueurs tumoraux. 

Louvain Med; 1988; 107:469-474. 

62. SYMANN M, CHATELAIN C, AGALIOTIS D. 

Les facteurs de croissance et de differenciation hematopoTetiques. 

Path Biol 1989; 37:101-103. 

63. HUMBLET Y, WEYNANTS P, BOSLY A, MAJOIS F, DUPREZ P, FRANCIS C, 
BEAUDUIN M, MACHIELSJ, GAILLY C, DELAUNOIS L, RODENSTEIN D, DOYEN 
C, LONGUEVILLE J, MICHEL C, SCHALLIER D, PRIGNOT J, SYMANN M. 
Carboplatin in association with Etoposide and either Adriamycin or Epirubicin for 
untreated Small Cell Lung Cancer: a dose escalation study of Carboplatin. Med Oncol 
Tumor Pharmacother 1989; 6:207-212. 

64. SYMANN M, BOSLY A, GISSELBRECHT C» BRICE P, FRANKS C. 

Immune reconstitution after bone marrow transplantation. 

Cancer Treat Rev 1989; 16 (Suppl.A): 15-19. 

65. WEYNANTS P, HUMBLET Y, BOSLY A, SCHALLIER D, DUPREZ P, MAJOIS F, 
BEAUDUIN M, PRIGNOT J, SYMANN M. 

Carboplatin in combination with etoposide in inoperable non small cell lung cancer 
(NSCLC). Med Oncol Tumor Pharmacother. 1990; 7(4):219-222. 

66. CHATELAIN C, HAMOOD M, DE BAST M, SYMANN M. 

Cholinergic enhancement of megakaryocytopoiesis and granulocytopoiesis in culture : 
mediated via T-lymphocytes. 

Exp Hematol 1989; 17:1067-1071. 

67. HUMBLET Y, FEYENS AM, SEKHAVAT M, AGALIOTIS D, CANON JL, SYMANN 
M. 

Immunological and pharmacological removal of small cell lung cancer cells from bone 
marrow autografts. Cancer Res 1989;49:5058-5061. 

68. STOTER G, FOSSA SD, RUGARLIC, SYMANN M, JASMIN C, ISRAEL L, BIJMAN 
JTh, PALMER P, FRANKS CR, PHILIP T. 

Metastatic renal cell cancer treated with low-dose interleukin-2. A phase-13 multicentre 
study. 

Cancer Treat Rev 1989; 16(Suppl.A):lll-113. 

69. SYMANN M, HUMBLET Y, BOSLY A. 

Aspects cliniques et biologiques des chimiotherapies intensives avec greffe de moelle 
osseuse autologue dans le cancer bronchique microcellulaire. 

Bull. Acad. Med. Bel 1989; 144:213-223. 

70. SYMANN M, HUMBLET Y, BOSLY A, CANON JL, DOYEN C, LONGUEVILLE 
J. 

Intensification therapeutique avec autogreffe de moelle osseuse chez l’adulte. 

Path Biol 1989; 37:969-972. 
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71. FRERE AM, HUMBLET-KOCH MC, HUMBLET Y, LONGUEVILLE J, SYMANN 
M. 

Hypercalcemie et Neoplasie. 

Louvain Med 1989; 108:345-354. 

72. NISKANEN E, CHATELAIN C, SYMANN M. 

Diffusion chamber colony-forming unit (CFU-D): A primitive stem cell. 

Int J Cell Cloning 1989 ; 7 (6): 330-342. 

73. SHILONI E, POUILLART P, JANSSENS J, SPLINTER T, DI PERI T, SYMANN M, 
ROEST GJ, PALMER PA, FRANKS CR. 

Sequential dacarbazine chemotherapy followed by recombinant interleukin-2 in 
metastatic melanoma. A pilot multicentre phase I-II study. 

Eur J Cancer Clin Oncol 1989; 25 (3):S45-S49. 
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TAMOXIFEN/HDMPA 


RESUME DU PROTQCOLE (aonliaue a St. Luc) 


Comparaison du Tamoxifen et de la Medroxyprogesterone chez les patientes pre- ou 
postmenauposees, sans envahissement ganglionnaire et sans metastases a distance. 

Le Taxomifen sera prescrit pendant 5 ans k raison de 20 mg/j tandis que la 
Medroxyprogesterone sera prescrite pendant 9 mois a raison de lg per os par jour. 

OBJECTIFS 

Comparer Factivite dans le cancer du sein sans envahissement ganglionnaire du traitement 
adjuvant Tamoxifen (TAM), 4 l’acetate de Medroxyprogesterone (HD MPA), evaluee par 
l’intervalle libre et la survie. 

| . Comparer la tolerance des 2 traitements. 

( 

(Etude de nouveaux facteurs pronostic cancer du sein : Cathepsine D, % — en phase S, 
f oncogene Neu et sa proteine, EGFR) 

1 

DEFINITION DU STATUS POST-MENOPAUSAL 

Est consideree comme menopausee la patiente dont les dernieres menstruations remontent k 
plus d’un an. Lorsque la patiente a subi une hystereetomie sans ovariectomie, elle est consideree 
comme menopausee a Page de 50 ans ou plus. En outre, est consideree comme menopausee une 
! patiente ayant subi une ovariectomie bilaterale. 


! 

i, ■ 


r 


CRITERES D’INCLIJSION 

1. La patiente a moins de 70 ans 

2. La tumeur est un cancer du sein histologiquement prouve et opere d’emblee. 

3. La tumeur est du stade Tic, T2, T3 ou T4 operable 

4. La tumeur est histologiquement bien ou moyennement differenciee (SBRI ou II) en 
premenopause et egalement SBRIII en post-menopause. 

5. Au moins 8 ganglions ont ete examines et aucun n’est envahi histologiquement. 

6. II y a absence de metastases selon le bilan complet prealable k la randomisation. 

7. Le performance status est 0 ou 1. 

8. II y a accord de la patiente apres information, selon les usages du Centre. 



l. 

f 

2. 

ir 

3. 


4. 


5. 

H: 

6. 

L 


7. 


8. 

L 

9. 

kM 



CRITERES D’EXCLUSION 


La tumeur est du stade Tls, Tla, Tib. 

La tumeur est du stade T4 non operable. 

La patiente est en pre-menopause avec tumeur mal differenciee SBRIII. 

La patiente presente une mastite carcinomateuse. 

La patiente est enceinte. 

La patiente presente des troubles hematologiques (neutrophiles < 2000/mm 3 ou globules 
blancs < 3500/mm 3 ou plaquettes sanguines < 200000/mm 3 ). 

La patiente presente des troubles hepatiques (bilirubine directe > 1,2 mg/lOOml). 

La patiente presente des troubles renaux (creatinine > 1,5 mg/100 ml). 

La patiente a des antecedents de troubles thrombo-emboliques severes ou cardiaques 
(insuffisance cardiaque, coronaire ou HTA non contrdlee). 


re¬ 
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10. La patiente presente des troubles neurologiques ou autres pouvant rendre un suivi correct 
difficile. 

11. La patiente a ete traitee par des progestogenes les 6 derniers mois precedant l’inclusion de 
l’etude, a l’exclusion d’un contraceptif oral. 

12. La patiente a un autre cancer simultane, a l’exception d’un cancer in situ du col de l’uterus 
et d’un epithelioma de la peau traite. 

13. La patiente presente un cancer du sein controlateral. 


BILAN PREALABLE A LA RANDOMISATION 
En preoperatoire : bilan d’extension comnlet 

1. Stadification Clinique TNM 

2. Mammographie 

3. Marqueurs tumoraux CA 15.3, CEA 

4. Thorax, ECG 

5. Biologie: - Hemogram me avec formule leucocytaire et reticulocytes 

Tests hepatiques: bilirubine directe et indirecte, GOT, GPT, 
gammaGT, phosphatases alcalines. 

Tests inflammatoires : VS, CRP, —- 
Ionogramme 

Uree et creatinine sanguine. 

6. Echographie et/ou CT scan hepatique 

7. Scintigraphie osseuse + RX si points d’hyperfixation 

En postoperatoire 

1. Grade histologique de la tumeur 

2 . Examen histo d’au moins 8 ggl tous negatifs) 

3. Taux RO, RE. 

NB : Si suspicion lesion cerebrale CT scan. 


FOLLOW-UP 

. Une consultation 3 mois apres mise en route d’un traitement adjuvant puis tous les 6 mois. 

Un bilan d’extension complet 1 x/an pendant 5 ans 
. > 5 ans: suivi clinique Ix/an + mammographie. 

Pour les patientes recevant du MPA, un echantillon de 10 ml de s6rum sera preleve a la 
fin du 3eme et du 9eme mois de traitement (echantillon congele a - 20°C). 
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CMF/ZOLADEX 


ESSAI OUYERT RANDOMISE : ZOLADEX VS CMF COMME TRAITEMENT ADJUVANT 
DANS LE MANAGEMENT DES GANGLIONS ENVAHIS STADE II CANCER DU SEIN EN 
PRE/PERIMENOPAUSE CHEZ DES PATIENTES AGEES DE 50 AN OU MOINS . 


f 


1 


f "■ 
i: . 


OBJECTIFS 

1. Comparer le "disease-free survival". Des patient pre/peri MNP &gees de 50 ans ou moins 
qui presentent des glangions envahis (stade II cancer du sein) recevant du 
Cyclophosphamide, du Methotrexate et du 5-Fluorouracil (CMF) ou du Zoladex comme 
traitement adjuvant. 

2. Comparer "Overall Survival" de ces patientes dans les 2 groupes de traitement. 

3. Comparer les effets secondaires dans les 2 groupes traitement. 

SCHEMAS 

ZOLADEX : 1 implant SC 3.6 mg tous les 28 jours pendant 2 ans. 

CMF Cyclophosphamide : 500 mg/m 2 I.V. au J1 et 8 cycle 28 J. 

ou per os J1 au J14. 

Methotrexate : 40 mg/m 2 I.V. au J1 et 8 cycle 28 jours 
5-Fluorouracil: 600 mg/m 2 I.V. au J1 et 8 cycle 28 jours (6 cures) 

BILAN PRE-RANDOMISATION 

Examen clinique 

Bilan classique extension pour exclure metas & distance 

(thorax scinti os on RMN, VX, echo foie ou CT scan si enzymes- > 

bioclassique. 

DIAGRAMMATIC REPRESENTATION 


SURGERY 


PATIENT CONSENT OBTAINED 


RANDOMISATION 


- CMF PATIENT REFUSED ZOLADEX 

(6 cycles) RANDOMISED THERAPY (2 years) 

f 

1 PATIENT FOLLOWED AS 

DETAILED IN THE PROTOCOL 

I OR 


RECURRENCE DEATH (without recurrence) 

DEATH 


t * 


r 
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FOLLOW-UP 


Rythme : . toutes les 12 semaines—> 36 semaines 

a 2 ans 

tous les 6 mois-> 3 ans 

annuellement-> 10 ans 


Type : . Examen clinique 

Bio classique 

Autres examens bilan extension 
Documenter et preciser la recidive 
Indiquer Cause Mort 


CRITERES ^INCLUSION 

a. Patientes pre/peri menopausees Igees de 50 ans ou moins 

NB : si doute sur status premenopause-> dosage FSH 

b. Patientes presentant des ganglions envahis stade II cancer du sein 

cancer du sein invasif prouve histologiquement (TO, Tl, T2) 

envahissement — (Nl) 

pas d’evidence de metastases a distance. 

c. Pas de traitement systemique prealable pour le cancer du sein 

d. Consentement informe des patientes 

e. Certains centres dont UCL Recepteurs oestrogenes + uniquement patientes R - 

non indues 


CRITERES D’EXCLI JSTON 

a. Ovariectomie bilaterale prealable ou radiotherapie sur les ovaires. 

b. Grossesse 

c. Deuxieme cancer infiltrant a l’exception cancer in situ du col ou cancer- 

d. Randomisation ± 6 semaines apres traitement chirurgical. 

e. . 60 < 3000/mm 3 

plaquettes < 100.000/mm 3 
perturbation fonction hepatique 

fonction renale inadequate (creatinine sanguine > 1,5 valeurs normales) 

f. R0 - (UCL) 
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4 EPIADRIAMYCINE HAUTES DOSES ± GM-CSF + CYCLOPHOSPHAMIDE 


I. RESUME DU PROCOTOLF. 

Essai ouvert, incontrdle visant a determiner "Maximum Dose Intensity" 
d’Epirubicine en association avec du Cyclophosphamide, definie comme la 
quantite de ces drogues/unite de temps qui peut St re administree avec stimulation 
medullaire par du GM-CSF (permettant diminuer duree nadir neutropenie 
granulocytes < 200/mm 3 pendant < 5 jours). 

Augmenter alternative des doses de Cyclophosphamide et d’Epirubicin a partir de 

300 mg/m 2 /W et 60 mg/m 2 /W-> MTD 

Une cohorte de 6 patientes est etudiee a chaque niveau de dose. La dose de GM- 
CSF reste constante tout au long de l’etude. 

II. OBJECTIFS 

1. Determiner la "maximal-dose intensity d’Epirubicine en association avec du 
cyclophosphamide, definie comme la quantite drogues/unite de temps qui peut 
etre administree avec stimulation medullaire par du GM-CSF (objectif diminuer 
duree neutropenie < 200/mm s < 5 jours). 

2. Evaluer le "Safety ProfiP d’une chimiotherapie avec intensification de doses 
association de l’Epirubicine etdu Cyclophosphamide. 

3. Evaluer le "Safety Profil" du GM-CSF administre dans cette association. 

4. Evaluer l’activite en terme de taux de reponse et de duree de remission avec ce 
schema de chimiotherapie. 


CRITERES DE SELECTION 


Criteres d’inclusion 

1. Cancer du sein histologiquement prouve, metastases a distance (stade IV) ou recurrence 
locoregionale apres mastectomie curage axillaire. 

2. Au moins une lesion neoplasique mesurable (uni ou bidimension) par ex. physique et/ou 
radiologique. 

3. Age : entre 18 et 65 ans. 

4. Performance status 0,1,2 (selon ECOG) 

5. Neutrophiles > 2000 et plaquettes > 100000. 

6. Fonction hepatique correcte: bilirubine totale < 1,5 mg/dl et GOT (3x valeurs limites sauf 
si anomalies GOT attributes a des metas. hepatiques; fonction renale normale : creatinine 
< 1,2 mg/dl ou clearance creatinine > 80 ml/min. 

7. Radiotherapie ant. autorisee. 

8. Hormonotherapie ant. autorisee. 
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9. Absence de toxicite aigue liee a des traitements anterieurs (chimio ou radiotherapie). 

10. LVEF (fraction ejection ventricule gauche) dans les limites si la normale. 

11. Consentement informe des patientes. 

12. Compliance pour le follow-up. 


Criteres d’exclusion 

1. Recurrence locale apres mastectomie partielle. 

2. Cancer du sein localise avance et inoperable (stade IIIB) 

3. Lesions osseuses osteoblastiques comme seule evidence de la maladie. 

4. Epanchement pleural et/ou ascite et/ou lymphangite carcinomateuse comme seules 
manifestations de la maladie. 

5. Antecedents de chimiotherapie avec anthracyclines ou anthracenediones. 

6. Antecedents de chimiotherapie pour cancer du sein recurrent ou metastatique. 

7. Patientes necessitant une radiotherapie concomitante & titre palliatif. 

8. Utilisation des medicaments suivants : corticoides 4 l’exception du contrdle de l’oedeme 
cerebral dO a des metas cerebrales ou pour prophylaxie antiemetique, lithium, 
chloramphenicol, AINS. 

9. Antecedent infarctus du myocarde dans la derniere annee ou decompensation cardiaque 
ou troubles du rythme severes necessitant un traitement permanent ou HTA incontrOlee; 
angor instable. 

10. Anomalies suivantes decrites a l’E.C.G.: hypertorphie ventricule gauche (Sokolow > 40), 
bloc branche G complet, bloc branche D complet + hemibloc ant G ou post G, signes 
d’insuffisance coronarienne (— decalage ST), haut risque d’arythmie incontrdlee 
(extrasystoles ventriculaires multifocales). 

11. Autre cancer jt l’exception cancer basocellulaire de la peau correctement traite ou canc in 
situ col uterin. 

12: Processus infectieux actif. 

13. Evidence Clinique ou RX de metastases cerebrales. 

14; Grossesse. 

15. Pas de traitement concomitant 


CONDUITE DE L’ETUDE 
Administration des produits 

Epirubicine et cyclophosphamide sont administres en i.v. toutes les 2 semaines si les 
neutrophiles > 2000/mm 3 et les plaquettes > 100000/mm 3 . Si ces valeurs ne sont pas 
atteintes, le traitement est reporte. 
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GM-CSF administre en sous cutane a la dose de 5 /xg/kg du J1 au J11. 

J1 : leucocytes doivent etre < 10.000/mm 3 

J12 : si neutrophiles < 2000/mm 3 : traitement par GM-CSF est continue mais 

dans tous les cas par > 1 semaine 


Plan de Traitement 

Une cohorte de 6 patientes est etudiee a chaque niveau de dose. 

II n’y a pas d’escalade de dose chez une meme patiente; une diminution des doses est 

prevue en cas de myelosuppression ou de toxicite non hemato. severe. 

Les cures sont administrees au jour prevu ( —> neutros > 2000/mm 3 et plaquettes > 

100000/mm 3 . Si ces valeurs ne sont pas atteintes, la cure est postposee jsuqu’& ce qu’elles 

soient au niveau requis. L’escalade de dose est autorisee par la cohorte suivante. 

si: 

a. < 2 patientes/6 montrent les problemes de toxicite suivants : stomatite grade 3, 
neutropenie severe, neutropenie febrile cardiotoxicite et/ou toute autre toxicite 
grade 4. 

b. <2 patientes/6 ont > 1 semaine de delai une recuperation medullaire (d’au moins 
1 des 2 premiers cycles de traitement). A ce moment atteinte MTD si au moins 5 
patientes ont une recuperation medullaire dans les 3 semaines, I’etude continue au 
niveau suivant la dose administree toutes les 3 semaines. 
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PLAN OF THE STUDY : IMMUNIZATION OF HLA-A1 PATIENTS CARRYING A 

BREAST CANCER WHOSE TUMOUR EXPRESSES MAGE-1 


1. INTRODUCTION 


2. OBJECTIVES OF THE STUDY 

3. SELECTION OF PATIENTS 


3.1. 

Stage of the Disease 

3.2. 

Inclusion criteria 

3.3. 

Exclusion criteria 


4. THERAPEUTIC SEQUENCE 

5. IMMUNIZATION REGIMEN 

6. STUDY PARAMETERS 

7. IMMUNOLOGICAL STUDIES 

8. MECHANICS OF THE STUDY 

9. VACCINE SUPPLY 

10. ETHICAL CONSIDERATION 

11. REFERENCES - APPENDIX 
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1. INTRODUCTION 

This study is based on the work of researchers at the Ludwig Institute. These researchers 
have been studying the immunological mecanisms of cancer rejection for a few years. 
Recently, they have identified a gene that directs the expression of antigen MZ2.E on a 
human melanoma cell line (MZ2.MEL). This gene called MAGE 1 is expressed by other 
melanoma cell lines but no expression is observed in normal tissues. Antigen MZ2-E 
producted by MAGE 1 is recognized by C.T. lymphocytes only if it’s presented by HLA. 
Al. (26% of total in Caucasian population). This human rejection antigen is shared by a 
significant proportion of other human tumours like breast cancer, small cells lung cancer, 
soft tissue tumours, respectively in 20%, 40% and 25%. The ability to identify these 
tumours readily on the basis of their expression of the relevant gene opens new 
possibilities for specific immunotherapy. Small tumours samples of HLA A1 patients can 
be frozen rapidly so as to ensure conservation of the RNA. This RNA can be tested by 
reverse transcription and PCR amplification to identify the tumors that express (gene) 
MAGE-1. Those tumors expressing antigen MAGE-1 may be sensitive to an CTL 
response. A study on the melanoma is now in progress. Here we propose a study for breast 
tumours in order to evaluate the CTL response. 


2. OBJECTIVES OF THF. STUDY 

a) To assess the tolerance of a vaccine made of lethally irradiated allogeneic tumour 
cells on HLA-A1 patients whose tumour has been found to express MAGE-1. 

b) To evaluate wether vaccination with allogeneic cells expressing MAGE-1 and 
HLA Al increases the frequency of CTL directed against antigen MZ2-E 


3. SELECTION OF PATIENTS 


3.1. STAGE OF THE DISEASE 

Because the most important aim of this study is to evaluate the CTL response after 
immunization, we suggest introducing : 

a) Node negative premenopausal patients : 

Stage I Tlaoub MOMO 


b) Node negative post-menopausal patients who are not eligible for protocol 

Tamoxifene/hautes doses MPA 

Stage I Tla-b NO MO 

Stage IIA T2 NO MO, if aged of > 70 ans at the time of diagnosis, not 

eligible for TMX-HDMPA 
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3.2. 


INCLUSION CRITERIA 


To be elected, patients must fullfill all the following criteria : 

1. HLA typing HLA.A1 : it is advisable to perform a complete HLA typing 

2. Histologically confirmed diagnoses primary breast cancer and belonging 
to the categories described above 

3. Patients should be in a stable general medical condition with performance 
status according to Karnofsky’s scale 100-60, and a life expectancy of 3 
months. 

4. Age of 80 years or less 

5. Patients must be able to comply with scheduled follow-up visit 

3.3. EXCLUSION CRITERIA 

1. Concomittant chemotherapy 

2. Concomittant hormonotherapy 

3. Psychosis or neurological alterations 

4. History or evidence of allergic or autoimmune disease. 

THERAPEUTIC SEQUENCE ; 

Complete work-up 

. Surgery : modified radical mastectomy or lumpectomy and axillary 
dissection 

. Radiotherapy if indicated in all cases of conservative treatment 

Immunotherapy : the first immunization will not be sooner than 30 days 
after surgery, but may be concommitant of radiotherapy. 

Chemotherapy takes place after irradiation and immunotherapy. 


IMMUNIZATION REGIMEN 

Cells : Breast tumour cell lines will be used. These cell lines will be HLA-A1 and 
will have high expression of MAGE-1. The patients will therefore be immunized with 
cells that are allogeneic except for HLA-A1 

Time course : Immunization will be carried out on days 0,30,60,120,180,300,420. For those 
patients who receive surgery, day 0 will not be sooner than 30 days after these treatment. 
Immunizations may be interrupted at the discretion of the investigator if major recurrence 
would occur. Most: each immunization will consist injections of 10 7 irradiated cells (one 
of each above mentioned cell lines). The cells will be irradiated at 10000 rads and will 
injected intradermally in the inguinal area where lymph drainage is not involved with the 
tumor site. 
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6 . 


STUDY PARAMETERS 


Before the start of therapy : a complete medical history must be taken and a 
complete physical examination performed. Appropriate work-up must be 
performed including chest X ray or CT scan, mammography, liver ultrasonography 
or CT scan, bone scintigraphy, bone X ray .... The extent of the disease will be 
classified in accordance with the clinical staging system for breast cancer. 

Each patient undergoes a complete biological evaluation 

- Haematoloeical tests : - WBC 

- platelets 

- Hb 

- Haematocrit 

- Special BC. tests : - CEA 

- CA 15.3 

- Blood chemistry and liver function: Gamma GT, GOT, GPT, alkaline 

phosphatase, bilirubine 


- Follow-up : 


blood tests = every 6 months 
extent Rx work-up : - every 6 months (the first 

year) 

- then every year 
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GREFFE DE CELLULES SQUCHES HEMATOPOIETIOUES DU SANG PERIPHERIOUF.: 
QUANTIFICATION DES PROGENITEURS HEMATOPOIETIOUES - MOBILISATION AVANT 
CYTAPHERESE - BENEFICE SUR LA REPRISE HEMATOPOIETIOUE ET IMMUNITAIRF. 


POSITION DU PROBLEME ET BUT DU TRAVAIL • 


Le pronostic de nombreuses tumeurs solides agressives est actuellement ameliore par la chimiotherapie 
intensive associee ou non k la radiotherapie (1,2,3). 


Cette escalade des traitements essentiellement myelotoxiques necessite 1’association d’une greffe de cellules 
souches hematopoietiques (CSH), prealablement prelevees chez le patient. L’autogreffe de CSH permet de 
reduire, sans lasupprimer, la periode dangereuse de la myelosupression. On peut esperer que Poptimalisation 
de cette procedure en reduise la mortality et la morbidity attenantes encore trop elevees et ameliore les premiers 
resultats, dej& prometteurs. 


Un projet interuniversitaire, introduit k ce sujet dans le cadre du Tele vie 1992 (n° 7.4583.92), est encours 
de realisation. Ce dossier est en fait une demande d’avenant au pro jet sus-cite. 

Les CSH mobilisees et prelevees k partir du sang peripherique presentent certains avantages sur les cellules 
medullaires: 


1. prelevement moins invasif. 

2. possibility de recolte suffisante de cellules souches m£me apres hemipelvectomie ou irradiation 
du bassin. 

3. reprise hematopoietique acceleree apres greffe (4,5). 

Les modalites d’obtention et de prelevement de ces CSH peripheriques doivent cependant encore 6tre 
precisees, k savoir: 


1. le schema de mobilisation permettant la meilleure recolte de cellules souches d’un point de vue 
quantitatif et qualitatif : facteurs de croissance combines entre eux ou non, associes ou non k la 
chimiotherapie. 

2. Le moment ideal de prelevement de ces cellules par leucapherese, etabli en fonction des resultats 
obtenus lors de cycles identiques de mobilisation. 

3. la methode ideale de quantification des CSH (CFU-GM) soit par marquage phenotypique k 1’aide 
d’anticorps monoclonaux (rapide et facile ^standardise^, soit par culture (qui apporte des informations 
fonctionnelles). 


En definitive * la meilleure appreciation de la qualite de la procedure de mobilisation et de recolte des 
cellules souches peripheriques se fera par 1’etude de la cinetique de reprise hematopoietique apres greffe, en 
la comparant aux resultats de reprise hematopoietique apres greffe de cellules medullaires. La reconstitution 
immunitaire, d’interdt capital egalement, sera etudieedans le cadre d’autres pro jets du laboratoire introduits 
au F.N.R.S.. 


RESULTATS PRELIMINAIRES: 

Depuis 1992,25 patients atteints de cancer de mauvais pronostic (lymphome non Hodgkinien, cancer du 
sein metastase, tumeur germinale metastasee, cancer bronchiqueanaplasique a petites cellules) ont ete inclus 
dans un protocoleclinique pilote. Ces candidats a une intensification therapeutique avec autogreffe de CSH 


et au passe chimiotherapeutique variable, ont regu, apres une cure de chimiotherapie 
conventionnelle, des facteurs de croissance hematopoietiques (par voie sous-cutanee) en vue de 
mobiliser les cellules souches peripheriques. Celles-ci ont ete recoltees par leucapherese (7 litres 
de sang traites par seance) en fin de traitement aux facteurs de croissance. Certains patients ont 
beneficie de 2 cycles de stimulation afin d’augmenter la recolte de CSH peripheriques. 
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Divers schemas ^administration de facteurs de croissance ont ete utilises : 

Interleukine-3 ( 7,5 pg/kg/j ) associe au GM-CSF ( 3 ou 5 Mg/kg/j ) ou au G-CSF ( 5 ou 
12 Mg/kg/j ). 

GM-CSF seul ( 5 /ig/kg/j ) 

G-CSF seul ( 5/ig/kg/j ) 

Ces facteurs ont ete administres dans le decours ou a distance de la chimiotherapie. La 

cinetique de mobilisation des cellules souches hematopoietiques a ete suivie par mise en culture et 

marquage phenotypique. Les resultats preleminaires sont encourageants : 

1. Les facteurs de croissance administres de fa$on combinee ou isolee permettent une recolte 
abondante de cellules souches dans le sang peripherique. Cette recolte est plus importante 
lorsque les facteurs de croissance sont administres dans le decours de la chimiotherapie : 
les taux moyens (+/- SEM) de CFU-GM/kg recoltes par 2 leukaphereses chez 6 patients 
traites par une combinaison d’IL-3 et de GM-CSF 4 distance de la chimiotherapie etaient 
de 43.426 +/- 20.012 alors que les taux correspondants chez 2 patients traites de la m6me 
fa$on dans le decours immediat de la chimiotherapie etaient de 523.369 et 4034 CFU- 
GM/kg (Figure 1). 

2. La quantification des CFU-GM par cytofluorometrie en flux apres marquage phenotypique 
(CD34, Ac monoclonal HPCAII de Becton-Dickinson ) est correlee de fa$on significative 
a la quantification des colonies derivees de ces cellules ( CFU-GM ) en culture ( r = 0,69, 
p = 0,005). 

3. Les premiers resultats de la reprise hematopoietique apres greffe sont encourageants: a la 
fois la reprise de la neutropoiese et de la thrombopoiese semblent acceleree apres greffe 
de cellules souches peripheriques associees ou non ( 1 patient) aux cellules medullaires, 
comparativement aux resultats de moelle uniquement. 

JUSTIFICATION DE LA DEMANDE D’AVENANT 

A) Cependant, la mise au point de techniques de quantification des CSH et Thomogeneisation 
necessaire des materiels utilises dans les trois centres universitaires impliques dans ce 
protocole entraine un surcodt par rapport aux estimations initiales des frais. 

La standardisation des methodes de culture de CFU-GM selon les methodes internationales 
necessite i’utilisation de facteurs de croissance ( IL-3, GM-CSF, Stem Cell Factor ) dont 
le cotit en routine est eleve. 

Par ailleurs, apres greffe des CSH peripheriques, la reprise plaquettaire semble davantage 
acceleree que celle des neutrophiles (6). L’explication de cette reprise acceleree necessite 
une quantification precise des precurseurs megacaryocytaires par mise en culture et 
marquage par anticorps monoclonal. Ces methodes de quantification differentes de celles 
des CFU l GM n’ont pas encore ete mises au point:Toptimalisation des milieux de culture 
par utilisation de facteurs de croissance hematopoietiques (IL-3, IL-6, IL-11, SCF) et le 
marquage par anticorps monoclonal des glycoproteines de membrane (GPIIbllla) afin de 
distinguer ces colonies par cytofluorometrie en flux sont necessaires. Ces deux nouvelles 
methodes de mesure sont cotiteuses en raison de l’utilisation de facteurs de croissance, 
d’anticorps monoclonal et du materiel de cytofluorometrie en flux qui permet la 
quantification des colonies. 

B) Par ailleurs, le projet comporte un stimulation importante, deliberee de rhematopoiese 
a titre therapeutique. Cette stimulation comporte d’abord le rebond qui suit une aplasie 
chimio-induite et est ensuite renforcee par Tadministration de 2 facteurs de croissance. 

A court terme ce precede a deja demontre son efficacite therapeutique dans 
Tautogreffe. Neanmoins, la question est posee quant a Tinocuite du procede: existe-t-il 
un risque d’epuisement medullaire a long terme ? Cette question importante merite 
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d’etre examinee. Le projet actuel genere une situation particulierement favorable 4 son 
examen et il nous parait, des lors, opportun d’ajouter ee volet investigationel au projet. 
Nous proposons d’etudier, k divers moments de I’etude, (avant chimiotherapie, en 
aplasie avant facteurs de croissance, apres IL-3, apres G-CSF, et apres retour k l’etat 
de base), les cellules souches pluripotentes dont le maintien doit assurer la perpetuation 
de Phematopoiese pendant toute la vie. Nous utiliserons la technique des Pre-CFU ou 
Delta CFU (7) qui est probablement la seule k mgme d’approcher, chez Phumain la 
cellule souche pluripotente capable d’autorenouvellement. La methode nous permettra 
d’evaluer le nombre de ces cellules et leur capacite de proliferation. 

Ce projet comporte les frais inherents aux methodes de culture et a l’usage des facteurs 
de croissance. 
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ROLE DE L 1 ACTINE ET DES PROTEINES DU CYTOSOUELETTE DANS LA 
DIFFERENCIATION MEGACARYOCYTAIRE DES AFFECTIONS MALIGNES DE LA 

MOELLE OSSEUSE 


La production des piaquettes sanguines, la megacaryocy topoiese, est Taboutissement d’une 
proliferation et d’une differentiation de progeniteurs medullaires (les cellules souches) donnant 
naissance k des precurseurs polyploides (les megacaryocytes) dont le cytoplasme, apres maturation, 
se fragmente en piaquettes 1 . Le contrdle de la megacaryocytopoiese est assure par des facteurs de 
croissance exergant une action stimulante ou inhibitrice sur cette hierarchic de cellules 2 . 

Au moment ou les auteurs pensaient que ce controle s’effectuait sur les cellules-souches, 
nous avons demontre chez Tanimal d’experience que la stimulation de la proliferation des cellules 
souches megacaryocytaires par le lithium n’est pas due k un effet direct de ces molecules mais bien 
a la secretion de facteurs de croissance par les lymphocytes T 3 . La secretion d’acetylcholinesterase 
par les megacaryocytes des rongeurs modifie la concentration de Pacetylcholine, un 
neuromediateur, et pourrait des lors jouer un rdle dans la regulation de la production plaquettaire. 
Cependant, nous avons montre que la stimulation des cellules-souches par les agents 
cholinergiques decoule, comme pour le lithium, d’une augmentation de la production de cytokines 
non specifiques par les lymphocytes T 4 . 

Aussi, nos efforts se sont logiquement concentres sur le phenomene de polyploidisation 
megacaryocytaire. Par notre methode de mesure du contenu en ADN des megacaryocytes obtenus 
en culture de moelle osseuse, nous avons confirme que l’accroissement de la production 
plaquettaire suite & Paugmentation des besoins en piaquettes ne s’effectue pas au niveau des 
cellules-souches mais bien k partir des megacaryocytes dont le niveau de ploidie est proportionnel 
aux besoins en piaquettes de l’organisme 6 . Notre technique nous a aussi permis de decouvrir un 
progeniteur megacaryocytaire de faible densite (Light-Etensity Colony-Forming-Unit 
Megakaryocyte; LD-CFU-M) dont la probability de polyploYdisation est plus grande que celle des 
autres cellules-souches 6 . 

Des lors, convaincus de l’importance de la polyploidisation, nous avons essaye de 
comprendre ce mecanisme et demontre que 1*inhibition de la polymerisation de l’actme, une 
proteine de structure du cytoplasme, entraine la polyploidisation megacaryocytaire qui permet une 
augmentation de la production plaquettaire 7 . 

Notre projet a pour but de poursuivre l’etude du mecanisme par lequel la modification de 
polymerisation de l’actine entraine la polyploidisation megacaryocytaire et d’identifier le desordre 
de ce mecanisme dans les cancers de la moelle osseuse. 
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I. INTRODUCTION. 


Les affections malignes de la moelle osseuse se caracterisent par des anomalies de 
proliferation et de maturation des cellules souches k l’origine des trois lignees des cellules 
sanguines. La lignee des plaquettes sanguines est issue de cellules de la moelle osseuse, les 
megacaryocytes. Ceux-ci tiennent leur nom de la taille importante de leurs noyaux suite a 
Facquisition d’un materiel nucleaire polyploide au cours de la maturation. Dans les leucemies, 
cancers de la moelle osseuse, les anomalies de la maturation et de la -polyploidisation 
megacaryocytaires ainsi que Faction de la chimiotherapie expliquent Fabsence de plaquettes 
fonctionnelles. Comme les plaquettes sanguines sont responsables de Fhemostase primaire, ces 
patients leucemiques presentent des hemorragies parfois incontrdlables. 

La polyploidisation (endomitose ou endoreduplication) est la regie dans la differenciation 
normale des megacaryocytes. Son accentuation assure une augmentation de la production 
plaquettaire en cas de besoin, En effet, la taille des megacaryocytes et leur ploidie augmentent 24 
a 48 heures apres Finduction d’une thrombopenie chez Fanimal. En revanche, Faugmentation 
provoquee du nombre des plaquettes, par transfusion par exemple, entraine la diminution de la 
ploidie megacaryocytaire. II semble que plusieurs substances humorales (IL-6, LIF, IL-11,...) 
collectivement appelees "thrombopoietine" exercent une regulation de ce phenomfcne. 

Le mecanisme par lequel s’opere le choix entre la mitose classique et la polyploidisation 
est totalement inconnu. Un asynchronisme entre les cinetiques de division nucleaire et 
cytoplasmique a ete invoque par la plupart des etudes. Nous avons demontre qu’en conditions 
contrdlees et stables (cultures de cellules), la cinetique de division nucleaire n’est pas affectee par 
le type de division megacaryocytaire (mitose classique ou endomitose). Des lors, nous avons refute 
Fhypothese d’une modification de la cinetique de division du noyau dans Finduction du 
mecanisme de polyploidisation megacaryocytaire (1). Les experiences de Paulus, que nous avons 
confirmees, ont permis d’identifier trois classes de cellules souches megacaryocytaires en fonction 
de leurs probability (20, 40 et 80%) de quitter la mitose normale pour se poiyploidiser (2,1). Ces 
travaux ont aussi demontre que les progeniteurs megakaryocytaires diploides ont une probability 
stable d’entrer en endomitose durant plusieurs divisions et que celle-ci change au cours d’une seule 
mitose. Cela suggere que la polyploidisation megacaryocytaire resulte de Falteration soudaine d’un 
mecanisme biochimique implique dans la mitose et dont Faction majeure se developpe dans le 
cytoplasme ou la membrane. Gr&ce & la methode de mesure de la ploidie megacaryocytaire que 
nous avons developpee (3), nous avons isole et caracterise un progeniteur megacaryocytaire de 
faible densite (LD-CFU-M) dont les probabilites de polyploidisation sont limitees k deux classes 
(4). Ces experiences confortent notre hypothese d’une modification d’un composant cytoplasmique 
ou membranaire dans l’endomitose. 

La separation cytoplasmique ou cytodierese qui termine la mitose normale n’a pas lieu au 
cours de Fendomitose. La cytodierese debute par la contraction d’un anneau sous-membranaire 
d’actine-myosine. L’actine, la myosine, et la tubuline sont les composants principaux de la 
structure de soutien et de motilite de la cellule et forment le cytosquelette. Nous avons done 
postule que les proteines du cytosquelette, composants cytoplasmiques et membranaires, sont 
responsables de la polyploidisation. II est vrai que des cellules embryonnaires de nematodes ont 
ete rendues polyploides par inhibition de la formation de Fanneau d’actine-myosine (5). Par 
ailleurs, le fuseau de tubuline determine le plan de clivage cellulaire et done l’orientation de 
Fanneau d’actine-myosine (6,7), 
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Recemment, nous avons montre chez la souris, que la cytochalasine B, un inhibiteur de 
la polymerisation de l’actine, ajoutee aux cultures des progeniteurs megacaryocytaires augmentait 
la ploidie moyenne des megacaryocytes au sein des colonies (8). Par contre, la colchicine, un 
inhibiteur de la polymerisation de la tubuline n’a pas cet effet. Les techniques de mesure de la 
plo'idie megacaryocytaire en culture ne donnent pas de resultats reproductibles chez Phomme. 
Aussi nous avons adopte et modifie une methode de cytofluorometrie en flux de la ploidie 
megacaryocytaire pour etudier des lignees de cellules cancereuses a caractere megacaryocytaire. 
L’addition d’esters de phorbol (stimulants non specifiques) et/ou de cytochalasine B (inhibiteur 
de la polymerisation de l’actine) aux milieux de culture de certaines lignees humaines (DAMI, 
HEL, K 562 et MEG 01), entrainent une augmentation significative de l’endomitose 
megacaryocytaire. II semble done que Pabsence de polymerisation de I’actine soit necessaire a 
l’augmentation de plo'idie des megacaryocytes. Ceci pourrait etre explique par Pabsence de 
formation en telophase de l’anneau contractile d’actine-myosine qui mene habituellement a la 
separation cytoplasmique. Comme la concentration de Pactine au sein de la cellule est constante, 
il est evident qu’au cours de la division cellulaire, la synthese d’actine nouvelle au sein d’une 
cellule est un phenomene contrdle. 

Comment envisager le rdle de Pactine dans le phenomene de polyploi'disation? Nous savons 
que les esters de phorbols (en particulier, le phorbol myristate acetate ou PMA) agissent sur la 
cellule en stimulant des recepteurs de maniere non speeifique. L’activation de ces recepteurs dont 
le cytosquelette est partie integrante peut amener diverses reactions inhibitrices ou stimulantes au 
sein de la cellule. Comme la reponse de la cellule suite a Paction du PMA n’est pas aussi 
importante que celle produite par la cytochalasine B, nous pensons que Paugmentation de ploidie 
par la cytochalasine B doit Stre expliquee par Paction maximale sur un mecanisme effecteur 
terminal partiellement modulable par les recepteurs aux diverses cytokines. 

Par quel mecanisme, le besoin accru en plaquettes et des lors Pengagement dans le 
phenomene de polyploidisation megacaryocytaire peuvent mener a la diminution de polymerisation 
de Pactine? Toutd’abord, l’expression genique de Pactine, si elle est contrdlee devrait logiquement 
dependre du produit final sous Pune ou l’autre de ses formes (actine G et/ou actine F). TOute 
modification d’un des composants (actine F) pourrait modifier la synthese finale d’actine. Ensuite, 
la thymosine B4 a la propriety de sequestrer la majorite de Pactine G soluble (9). Elle peut done 
moduler l’equilibre entre formes soluble et polymerisee de Pactine qui serait responsable du 
maintien d’une division mitotique normale. Enfin, le type particulier de polymerisation de Pactine 
pourrait aussi intervenir dans ce phenomene. En effet, la polymerisation peut Stre schematisee 
comme une lente progression d’une extremite (arrow) du filament d’actine F ou les monomeres 
d’actine viennent se lier par rapport a l’autre extremite (tail) dont les monomeres d’actine se 
detachent. Done, avec un equilibre F/G conserve, le type chimique d’actine peut encore Stre 
chimiquement modifie par ce processus dynamique au sein de la molecule deja polymerisee. 


II. BUT DU TRAVAIL. 

Notre pro jet a pour but d’une part de preciser le mecanisme par lequel la modification de 
polymerisation de Pactine dans le cytoplasme engendre l’endomitose megacaryocytaire et d’autre 
part de deceler, dans certains cancers de la moelle osseuse ou la megacaryocytopoiese est 
deficiente, les anomalies du metabolisme des proteines du cytosquelette. 
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III. APPROCHE EXPERIMENTALE. 

A. ETABLISSEMENT DE LIGNEES MEGACARYOCYTAIRES HUMAINES. 

Nous avons pu obtenir des lignees continues de cellules megacaryocytaires leucemiques 
(DAMI, MEG01, HEL, K562). Notre laboratoire a developpe quatre nouvelles lignees a partir 
d’affections malignes de la moelle osseuse (2 de Leucemie Myeloide Chronique et deux de 
Thrombocytemie Essentielle). Ces lignees doivent encore etre caracterisees. En particular, leurs 
quantites megacaryocytaires (expression des glycoproteines Ilb/IIIa et lb) a l’etat basal et apres 
stimulation par PMA seront etudiees par cytofluorometrie en flux. 

B. ETUDE DE LA CONCENTRATION D’ACTINE INTRACELLULAIRE. 

1. MESURE GLOBALE AU CYTOFLUOROMETRE EN FLUX. 

La concentration intracellulaire d’actine sera estimee par cytofluorometrie en flux 
(FACScan). Nous avons pu etablir la mesure de Pactine intracytoplasmique de populations 
f lymphocytaires d’anticorps monoclonaux couples & la fluoresceine. Ce fluorochrome emettant une 

lumiere verte apres excitation dans l’ultraviolet permet la mesure concomitante de la ploidie par 
l’iodure de propidium qui, avec la mdme frequence d’excitation emet une lumiere rouge. Nbus 
, etudierons la concentration d’actine dans les cellules des lignees cancereuses a composante 

megacaryocytaire. Nous correlerons cette concentration 4 la ploidie de chaque cellule. Trois 
1 possibility peuvent etre envisagees. Tout d’abord, la decouverte d’une absence d’augmentation 

de la concentration d’actine au cours de l’endomitose suggererait que, globalement, la plus grande 
partie de l’actine est impliquee dans le phenomene d’endomitose. Par contre, une augmentation 
progressive ou une augmentation "saltatoire" suggereraient qu’une faible partie seulement de 
l’actine serait impliquee dans l’endoreduplication. 

* * 

La distribution de l’actine des megacaryocytes provenant de la moelle osseuse de donneurs 
de greffe permettra de tester notre hypothese au cours de la regulation physiologique de cellules 
f megacaryocytaires normales. 

i 2. MESURE QUANTITATIVE DE L’ACTINE G ET F PAR "CELL SORTER". 

t L’actine se presente sous deux formes: monomere soluble (actine G) ou polymere insoluble 

| (actine F). Les monomeres d’actine sont tres heterogenes et se caracterisent surtout par les sites 

de liaison aux ligands (par exemple la gelsoline et la profiline pour la structure; la myosine pour 
, la motilite et l’ATP pour apporter l’energie contractile). Malgre cette heterogeneite qui definit les 

fonctions de l’actine polymerisee, la concentration d’actine est relativement constante dans toutes 
* les cellules. C’est d’ailleurs pour cette raison qu’elle a ete utilisee comme contrdle de l’expression 

genique d’autres molecules. Quelques anticorps monoclonaux reconnaissent differents epitopes de 
f l’actine. Malheureusement, ils ne permettent pas de detecter reellement les sites de reaction des 

L. ligands et des lors ne permettent pas de mesurer les differents types d’actine. Aussi, en marquant 

par exemple en fluorescence les ligands eux-m6mes, nous pourrons determiner dans l’endomitose, 
' le type chimique d’actine en cause et, par consequent la fonction perturbee (structure, motilite ou 

energie). Par ailleurs, comme nous l’avons explique, la forme F est en constant renouvellement par 
la synthese en "arrow" et la destruction en "tail". Le contrdle de ce phenomene dynamique est 
encore mal connu mais peut etre etudie grace a la phalloidine dont la propriete est de se fixer 
specifiquement a une extremite de la molecule polymerisee et de bloquer definitivement la 
polymerisation. La phalloidine peut facilement Stre couplee a une molecule fluorescente. 
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Des lors, pour mettre en evidence le type precis d’actine implique dans la polyploidisation, 
nous emploierons le tri cellulaire au cytofluorometre (COULTER ELITE) des cellules des lignees 
ainsi que des cellules normales. Nous avons dej& realise la separation de megacaryocytes en 
diverses phases endomitotiques (2N versus >2N). Nous pourrons ainsi determiner par 
electrophorese des extraits de cellules triees en classes de ploidie, les modifications qualitatives et 
quantitatives de Tacrine. Ceci sera aussi realise sur les lignees megacaryocytaires apres stimulation 
par les esters du phorbol et par des cytokines telles que l’interleukine-6. 

C. DETERMINATION DES ANOMALIES DE LA MATURATION 
MEGACARYOCYTAIRE DANS LES AFFECTIONS MALIGNES DE LA MOELLE 
OSSEUSE. 

Par les techniques mises au point sur les lignees cellulaires et decrites plus haut, nous 
etudierons au fur et si mesure des pathologies rencontrees en Clinique, le rdle de l’actine dans la 
regulation anormale des leucemies et etats apparentes. Nbus focaliserons nos efforts sur l’etude de 
la polyploidisation ciassiquement decrite dans les syndromes myeloproliferatifs tels que la 
polyglobulie de Vaquez et la thrombocytemie essentielle et dans les pathologies cancereuses de 
l’hematopoiese (Leucemies aigues a caractere megacaryocytaire). 
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DETECTION PAR AMPLIFICATION GF.NIOIJE DES MICROMETASTASF.S 
MEDULLAIRES ET DE CONTAMINATION DF. CELLULES SOUCHES DU SANG 
PERIPHERIOUE PAR DES CELLULES DE TUMEURS SOLIDES. 


Notre Iaboratoire s’interesse depuis de nombreuses annees a l’autogreffe de moelle osseuse 
apres chimiotherapie intensive dans le traitement des tumeurs solides. II etait logique de chercher 
4 deceler un envahissement medullaire pour prevenir une contamination possible d’un prelevement 
de moelle utilise en vue d’une autogreffe. Les cellules de cancer bronchique anaplasique a petites 
cellules ont ete detectees au sein de la moelle par des anticorps monoclonaux et par la technique 
de culture clonogenique de cellules tumorales (1,2,3). Ces contaminations medullaires posent le 
probleme de l’utilite de la "purge du greffon" (4,5). 

Actuellement, les cellules souches hematopoletiques du sang peripherique tendent 4 remplacer 
les cellules medullaires dans la greffe autologue surtout lorsque la moelle est contaminee par des 
cellules neoplasiques ou lorsque celle-ci est fibrosee ou appauvrie suite aux chimio- et 
radiotherapies. Beaucoup de nos patients beneficient actuellement de ce type de greffe. 
L’utilisation de facteurs de croissance hematopoletiques dont nous avons acquis l’experience 
clinique (6) a facilite la transplantation de cellules souches circulantes. Enfin, notre Iaboratoire 
possede une expertise dans l’utilisation de la technique d’amplification genique (7). Nous 
proposons d’utiliser cette technique afin de detecter des cellules tumorales dans la moelle et le sang 
de patients atteints de cancer bronchique anaplasique et de cancer du sein. 

1. Lebacq-Verheyden AM. et al. Eur. J. Clin. Oncol. 24:137-145, 1988. 

2. Canon JL et al. Eur. J. Clin. Oncol. 24:147-150, 1988. 

3. Humblet Y, Symann M. Path. Biol. 36:83-85, 1988. 

4: Lebacq-Verheyden et al. in Me Vie, Dalesio, Smith eds. EORTC monographs. NY. Raven 

Press 19-28, 1984. 

5. Humblet et al. Cancer Res. 49 : 5058-5061, 1989 

6. D’Hondt V. et al. Proc. Asco 1992 

7. Guillaume Th. et al. Cancer Res. Soumis pour publication. 
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INTRODUCTION 


1- Detection de metastases occultes dans la moelle osseuse 

La detection de metastases medullaires de tumeurs solides presente un interet pour le pronostic 
de la maladie neoplasique au moment du diagnostic et pour le suivi des patients traites. Diverses 
etudes ont montre la frequence non negligeable de metastases osseuses du cancer du sein lors du 
diagnostic. Si plus de 40% des patientes avec un cancer du sein metastatique ont un envahissement 
de la moelle osseuse detecte par des methodes habituelles (ponction-biopsie medullaire) (1,2), 28% 
des patientes sans metastase osseuse documentee par des criteres habituels (scintigraphie et 
radiographie osseuses) ont un envahissement medullaire determine par des techniques 
d’immunocytochimie non specif ique (3). In vitro, on a pu reveler en culture des cellules tumorales 
dans les moelles osseuses histologiquement normales de patientes atteintes d’un cancer du sein (4). 
Des cellules tumorales peuvent Stre detectees dans la moelle osseuse par immunofluorescence chez 
17% des patientes ayant un cancer du sein sans envahissement ganglionnaire & l’histologie (5). Plus 
recemment, 260 patientes atteints d’un cancer mammaire non metastatique ont subi une ponction 
medullaire au moment de l’exerese de la tumeur primitive. Par une technique 
d’immunofluorescence, des cellules tumorales ont ete identifiees dans la moelle osseuse de 44% de 
ces patientes (6). La detection des cellules neoplasiques apparaissait, dans cette etude, constituer 
un facteur de prediction de rechute 4 distance de la maladie et done un facteur de pronostic. 

Le cancer bronchique § petites cellules presente des caracteristiques cliniques morphologiques 
et biologiques particulieres. Sa propension a la dissemination precoce a distance est bien connue. 
La presence de cellules tumorales au niveau de la moelle osseuse peut constituer un facteur de 
pronostic. Notre laboratoire a montre par (’utilisation des techniques de culture clonogenique de 
cellules tumorales et d’immunofluorescence indirecte, l’existence d’infiltration medullaire par des 
cellules de carcinome anaplasique bronchique echappant & l’analyse morphologique classique 
(7,8,9). 


2. Contamination des cellules souches peripheriaues 

Les cellules souches du sang peripherique sont de plus en plus utilisees dans le traitement de 
tumeurs solides disseminees. Les premieres reinfusions des cellules souches du sang circulant ont 
ete administrees pour la reconstitution hematopoietique potentielle chez les patients cancereux qui 
ne pouvaient benef icier d’une autogreffe de moelle osseuse en raison d’une maladie residuelle, ou 
parce que la moelle etait trop fibrosee pour permettre la collection d’un nombre adequat de 
cellules. Le risque de contamination par des cellules tumorales est generalement considere comme 
minime. Cependant, la circulation de cellules tumorales a ete documentee'pour le neuroblastome 
et le cancer du sein (10,11,12). Dans le cas du neuroblastome, la concentration de cellules 
neoplasiques dans le sang lors du diagnostic peut Stre elevee : de 2 & 1000/10 5 cellules 
mononuclees. Les cellules souches du sang peripherique utilisees en vue d’autogreffe chez des 
patients atteints de neuroblastome sont frequemment contaminees : parmi 8 patients etudies, 2 
presentaient des cellules tumorales au sein des cellules souches. Chez des patientes atteintes de 
cancer du sein, et candidates & une autogreffe, des cellules neoplasiques ont ete recherchees dans 
les prelevements de cellules souches peripheriques. Par analyse immunocytologique, des cellules 
de cancer du sein sont decelees dans 4/37 leucaphereses chez 20 patientes (11). 
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3. 


Methodes de detection 


Les techniques utilisees le plus communement afin de detecter des cellules tumorales au sein 
des tissus hematopoietiques font appel a toute une panoplie d’anticorps monoclonaux qui sou vent 
ne sont pas specifiques d’une tumeur. Cette immunodetection est assez sensible (1 cellule sur 
100.000) mais peut-6tre subjective. Nous utiliserons la methode d’amplification genique en chalne 
(PCR) afin de deceler des contaminations possibles de la moelle osseuse ou des cellules souches 
peripheriques par des cellules tumorales. 

Dans le cas des tumeurs solides, il existe quelques rares anomalies cytogenetiques recurrentes 
telles que la deletion d’une partie du chromosome 3 dans le cancer bronchique anaplasique et la 
translocation 11;22 dans le sarcome de Ewing. En ce qui conceme les deux types de tumeurs (le 
cancer du sein et le cancer bronchique anaplasique) qui seront investigues, les anomalies 
cytogenetiques ne sont pas exploitables pour la technique de PCR. Nous rechercherons done des 
genes exprimes exclusivement par les cellules de ces tumeurs. 


r 

i 
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4. SiRnification de la detection de cellules tumorales 

Si les techniques de PCR se sont averees impressionnantes dans la detection de la maladie 
residuelle, notamment dans la detection de translocations presentes dans certaines affections 
neoplasiques hematologiques, leur utilite Clinique reste & demontrer. 

II faut considerer d’une part l’aspect pronostique de cette detection au moment du diagnostic 
d’une tumeur solide et d’autre part la signification de la detection dans les cellules souches 
peripheriques. 


r 
\ : 
* 


; 

i 

I.. 


! 

L 

i: 


En effet, ces problemes de contamination possible des cellules souches peripheriques peuvent 

soulever d’autres questions: 

1. Faut-il detecter systematiquement des cellules neoplasiques dans les cellules souches ? 

2. Quelle methode fiable faut-il utiliser ? 

3. Quelle est la signification d’une contamination eventuelle ? Faut-il modifier le traitement? 

4. Faut-il purger les cellules souches des cellules tumorales (13,14) ou faut-il enrichir les 
cellules souches en concentrant des cellules hematopoietiques (CD34 p.ex.) pures qui 
seraient moins contaminees ? 

BUT DU TRAVAIL 

a) Mettre au point une methode sensible et fiable de detection par PCR de cellules 
de cancer mammaire et de cancer anaplasique pulmonaire parmi des cellules 
hematopoietiques; cette technique devrait 6tre plus performante que l’utilisation 
d’anticorps monoclonaux. 

b) Utiliser cette methode afin de detecter dans la moelle osseuse des micrometastases 
de ce type de tumeurs lors du diagnostic ou a la rechute de la maladie. 

c) Detecter la contamination possible des cellules souches hematopoietiques 
circulantes par des cellules tumorales. 

d) Definir la correlation entre la detection de cellules malignes dans la moelle ou le 
sang et 1’evolution de la maladie (en d’autre termes la rechute de la maladie 
neoplasique est-elle plus precoce chez les patientes presentant des metastases 
occultes ; faut-il traiter plus agressivement les patients porteurs de 
micrometastases?). 


r‘ 
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3. 


Methodes de detection 


Les techniques utilisees le plus communement afin de de teeter des cellules tumorales au sein 
des tissus hematopoietiques font appel El toute une panoplie d’anticorps monoclonaux qui souvent 
ne sont pas specifiques d’une tumeur. Cette immunodetection est assez sensible (1 cellule sur 
100.000) mais peut-etre subjective. Nous utiliserons la methode d’amplification genique en chaine 
(PCR) afin de deceler des contaminations possibles de la moelle osseuse ou des cellules souches 
peripheriques par des cellules tumorales. 

Dans le cas des tumeurs solides, il existe quelques rares anomalies cytogenetiques recurrentes 
telles que la deletion d’une partie du chromosome 3 dans le cancer bronchique anaplasique et la 
translocation 11;22 dans le sarcome de Ewing. En ce qui concerne les deux types de tumeurs (le 
cancer du sein et le cancer bronchique anaplasique) qui seront investigues, les anomalies 
cytogenetiques ne sont pas exploitables pour la technique de PCR. Nous rechercherons done des 
genes exprimes exclusivement par les cellules de ces tumeurs. 


4. Signification de la detection de cellules tumorales 

Si les techniques de PCR se sont averees impressionnantes dans la detection de la maladie 
residuelle, notamment dans la detection de translocations presentes dans certaines affections 
neoplasiques hematologiques, leur utilite clinique reste 4 demontrer. 

II faut considerer d’une part l’aspect pronostique de cette detection au moment du diagnostic 
d’une tumeur solide et d’autre part la signification de la detection dans les cellules souches 
peripheriques. 

En effet, ces problemes de contamination possible des cellules souches peripheriques peuvent 
soulever d’autres questions: 

1. Faut-il detecter systematiquement des cellules neoplasiques dans les cellules souches ? 

2. Quelle methode fiable faut-il utiliser ? 

3. Quelle est la signification d’une contamination eventuelle ? Faut-il modifier le traitement? 

4. Faut-il purger les cellules souches des cellules tumorales (13,14) ou faut-il enrichir les 
cellules souches en concentrant des cellules hematopoietiques (CD34 p.ex.) pures qui 
seraient moins contaminees ? 

BUT DU TRAVAIL 

a) Mettre au point une methode sensible et fiable de detection par PCR de cellules 
de cancer mammaire et de cancer anaplasique pulmonaire parmi des cellules 
hematopoietiques; cette technique devrait etre plus performante que l’utilisation 
d’anticorps monoclonaux. 

b) Utiliser cette methode afin de detecter dans la moelle osseuse des micrometastases 
de ce type de tumeurs lors du diagnostic ou & la rechute de la maladie. 

c) Detecter la contamination possible des cellules souches hematopoietiques 
circulantes par des cellules tumorales. 

d) Definir la correlation entre la detection de cellules malignes dans la moelle ou le 
sang et 1’evolution de la maladie (en d’autre termes la rechute de la maladie 
neoplasique est-elle plus precoce chez les patientes presentant des metastases 
occultes ; faut-il trailer plus agressivement les patients porteurs de 
micrometastases?). 
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APPROCHE EXPERIMENTAL 




a) La premiere etape consiste k determiner quels sont les genes exprimes frequemment 
et exclusivement par les cellules cancereuses et non par le tissu hematopoietique. 
En effet, 4 la difference des tumeurs hematologiques telles que les leucemies et les 
lymphomes, il n’y a pas de translocations recurrentes qui puissent Stre exploitees. 
L’expression de differents genes dont la sequence est connue sera analysee dans 
des lignees tumorales de cancer du sein et du poumon. Ils seront choisis a priori 
en considerant que leur expression doit Stre specifique d’une tumeur solide et non 
decelable dans un tissu hematopoietique. Pour les cancers du sein par exemple, on 
peut retenir les genes encodant la mucine exprimee par plus de 90% des cancers 
du sein, l’oncogene c-Erb b2/Neu, les genes encodant les recepteurs aux 
oestrogenes et progesterone. Pour le cancer du poumon, un antigene exprime par 
le tissu cerebral et les cellules de cancer anaplasique pulmonaire a ete clone (15) 
et pourrait etre utilise dans la detection de ces cellules neoplasiques. 

b) Une serie de lignees tumorales sera etudiee afin de selectionner les genes exprimes 
frequemment par ces lignees. Le cDNA synthetise & partir d’ARN est amplifie par 
PCR. Les cellules tumorales de lignees seront ensuite diluees dans du tissu 
hematopoietique sain afin de determiner la limite de detection des cellules 
tumorales (1/100-1/1.000.000). Afin d’augmenter la sensibilite de la PCR, les 
amorces utilisees seront doubles: un aliquot du premier produit de PCR sera utilise 
pour une deuxieme PCR en utilisant des amorces situees "k l’interieur” des amorces 
de la premiere PCR. Done, cette seconde PCR sera enrichie en sequence 
recherchee suite k la PCR initiate. Les amorces de la deuxteme PCR ("nested 
primers") peuvent eliminer le background et permettent d’obtenir un meilleur 
produit final. Des contrOles doivent fitre regulierement utilises car la technique 
peut etre grevee d’une frequence non negligeable de faux positifs. Par ailleurs, il 
faut s’assurer que des cellules medullaires non hematologiques telles que les 
fibroblastes ou les cellules endotheliales ne produisent pas les genes utilises pour 
la detection de cellules tumorales. Les avantages de la PCR sont la rapidite de la 
procedure et la possibility de detecter des cellules malignes 4 une haute dilution 
(dans le cas de leucemies par exemple, 1 cellule sur 10 6 serait detectable (16)). 

c) L’evolution clinique des patients presentant ou ne presentant pas de metastases 
medullaires sera suivie. Nous pouvons ainsi preciser l’importance de cette detection 
dans le pronostic et la therapeutique de la maladie. 
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1 Indiquez le nombre d’annees academiques pour lesquelles ce projet est sollicite : 2 ans 


INTRODUCTION 

La chimiotherapie intensive suivie d’autogreffe de moelle osseuse ou de cellules souches 
hematopoietiques du sang peripherique permet d’obtenir des remissions completes. Toutefois, il 
existe un taux eleve de rechutes particulierement precoces. L’eradication de la maladie residuelle 
est d’autant plus difficile que la periode post-greffe s’accompagne d’une immunodepression. Nous 
avons pu investiguer certains signaux de transduction de Pactivation precoce des lymphocytes T 
CD4+ ainsi que differentes voies de stimulation de ces lymphocytes chez des patients autogreffes 
(1,2). Ces travaux commencent a nous reveler une partie des mecanismes impliques dans le deficit 
immunitaire post-autogreffe. Nous sommes souvent confrontes dans Panalyse de Pinvestigation 
in vitro de Pimmunite post-greffe de ces patients a une variabilite des resultats due 
vraisemblablement a Pheterogeneite de la population etudiee. Ces patients ont des tumeurs 
differentes et par consequent ont regu des chimiotherapies differentes avec leurs effets 
myelosuppresseurs propres. Nous proposons d’utiliser un modele animal de transplantation de 
moelle osseuse entre souris syngeniques afin de pouvoir dissequer de maniere plus systematique 
Pimmunite post-greffe. Au cours des dernieres annees, la connaissance des mecanismes 
d’activation precoce des lymphocytes T s’est etendue. 

Le deficit immunitaire apres autogreffe de moelle osseuse atteint principalement les 
lymphocytes T. Jusqu’il y a quelques annees, on pouvait resumer ce deficit cellulaire en quelques 
observations classiques : une reduction des taux relatifs et absolus de lymphocytes T CD4+ dans 
le sang peripherique associee a un taux normal voire augmente du nombre de lymphocytes CD8+, 
un defaut de proliferation des lymphocytes T et une diminution de la secretion d’interleukine-2. 
Nous avons etudie par cytofluorometrie en flux Paugmentation de calcium intracellulaire au 
niveau des lymphocytes CD4+ apres stimulation par la concanavaline A par Putilisation 
coneomitante d’un colorant specifique du calcium^ le fluo^3 et un anticorps monoclonal 
reconnaissant la sous-population CD4+ (1). Physiologiquement, Pactivation des lymphocytes T 
entraine suite a Phydrolyse du phosphatidylinositol 4,5-biphosphate par la phospholipase C, la 
formation de 2 produits : Pinositot 1,4,5-triphosphate qui va provoquer une augmentation de 
calcium intracellulaire et le diacyl-glycerol qui active la proteine kinase C. Chez les patients 
autogreffes depuis moins d’un an, on observe une augmentation plus faible du taux de calcium 
intracellulaire au niveau des lymphocytes T CD4+ par rapport a celle observee chez des sujets 
controles. La diminution semble s’expliquer par une reduction du nombre de cellules capables 
d’augmenter leur taux de calcium intracellulaire normalement. Chez les patients greffes depuis 
plus d’un an, le taux de calcium intracellulaire moyen est plus faible dans les lymphocytes T 
actives par rapport a un groupe de sujets sains mais cette difference n’est pas statistiquement 
significative. Ceci suggere qu’il existe une anomalie dans la formation des signaux de transduction 
precoce apres stimulation et que ce phenomene tend a regresser a distance de la greffe. Nous avons 
egalement etudie la production d’IL-2 apres stimulation par PHA, PHA + PMA, PM A + un 
ionophore du calcium, et PMA + anti CD28 (2)i Ces differents stimuli induisent une production 
d'interieukine-2 inferieure a celle observee dans un groupe d’individus normaux. La production 
d’ARNm dTL-2 apparait aussi reduite. Ceci indique que differentes voies d’activation des 
lymphocytes T ne fonctionnent pas normalement apres greffe de moelle osseuse. Par contre, le 
recepteur de l’IL-2 est normalement exprime par les lymphocytes T apres activation (3,4) et ceux- 
ci repondent ix radjonction d’IL-2 in vitro ce qui suggere que cette voie d’activation reste 
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preservee. La reduction de la production d’IL-2 en presence de PMA et d’anti-CD28 correspond 
a l’observation recente d’une reduction de l’expression de Pantigene CD28 par les lymphocytes 
TCD3+ des patients autogreffes (5) et la diminution de proliferation en presence d’anti-CD28. La 
quantite de cytokine produite par les lymphocytes CD4+ durant une stimulation antigenique est 
contrdlee par des signaux co-stimulants dependant des cellules presentant Pantigene. L’expression 
de la molecule B7, le ligand du CD28, apparait critique dans la capacite de co-stimuler les 
lymphocytes T. 

Le deficit de proliferation des lymphocytes T post-greffe ressemble au phenomene d’anergie 
clonale, modele faisant appel au concept de co-stimulation par deux signaux necessaires a 
l’activation de lymphocytes T. Ce modele a ete developpe notamment pour expliquer la non- 
reponse immunitaire 4 un auto-antigene. II existe de plus en plus d’arguments pour penser que 
l’interaction B7-CD28 constitue le deuxieme signal co-stimulant des lymphocytes T. Dans le cas 
de Pautogreffe, la presence de monocytes allogeniques obtenus chez des sujets sains ne semble pas 
ameliorer la proliferation et la secretion d'IL-2 (6). Nous pensons que la diminution du CD28 4 
la surface des lymphocytes T et/ou l’anomalie de cette voie deactivation peut induire un 
phenomene semblable d’anergie au niveau des cellules T. 

L’activation des lymphocytes T menant 4 la production de cytokines est un phenomene dont 
les mecanismes sont peu 4 peu elucides. Le recepteur de Pantigene est constitue par une association 
hautement complexe d’oligomeres comprenant au moins 7 proteines membranaires distinctes. Le 
recepteur T doit d’abord reconnaltre et se lier 4 son ligand. Cette liaison se traduit ensuite en 
signaux intracellulaires resultant finalementen une reponse appropriee. La specificite 4 Pantigene 
est definie par deux chaines variables a et /9. D’autres molecules non variables dont les fonctions 
restent imprecises sont associees aux recepteurs T: CD3 (gamma, 6, e ), et ^). Ces differentes 
chaines semblent faire le lien entre la reconnaissance de Pantigene et les transferts des signaux de 
transduction intracellulaires (7). Le dimere^ apparait important dans la transduction des signaux. 
Son domaine cytoplasmique a la capacite de transmettre les signaux independamment des autres 
chaines du recepteur T. La stimulation du recepteur T active la proteine tyrosine kinase entrainant 
la phosphorylation de multiples proteines cellulaires. L’inhibition de ce phenomene provoque une 
diminution de la production d’IL-2. Deux proteine tyrosine kinases, particulieres, fyn et lck, sont 
impliquees dans la fonction du recepteur T et jouent un rdle dans la transmission de l’information. 

Notre projet est localise sur ces aspects d’activation des lymphocytes T, afin de distinguer les 
molecules defectueuses dans la chaine de transmission des signaux et peut-etre de pouvoir y 
remedier et d’ainsi corriger l’immunite post-greffe. 


BUT DU PROJET 


Etudier l’activation des lymphocytes T apres greffe de moelle syngenique chez les souris 
sous differents aspects: 


1. Mesurer la presence des molecules associees au complexe recepteur T et leur role dans le 
deficit immunitaire post-greffe. 

2. Analyser la voie d’activation lymphocytaire T par le GD28 apres greffe de moelle. 

3i Analyser l’expression des tyrosine kinases p56 lck et p59 fyn par les populations CD4+ et 

CD8+ 
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APPROCHE EXPERIMENTALE 


La transplantation de moelle entre souris syngeniques se fera selon des protocoles tout a fait 

classique. Apres irradiation, les souris recevront la moelle par voie intraveineuse. Les souris 

receveuses seront sacrifices tous les 15 jours afin d’etudier : 

1. la repartition des sous-populations de lymphocytes T au niveau du sang peripherique et 
la proliferation par incorporation de [ 3 H]-thymidine suite a la stimulation par differents 
mitogene dont l’anti-CD28. 

2. La presence des proteines associees au complexe recepteur T au niveau des lymphocytes 
CD4+ post-greffe. Ceux-ci sont isoles afin d’obtenir une population pure. Ces cellules sont 
marquees radioactivement puis lysees. Le complexe recepteur T est precipite a partir du 
surnageant des cellules lysees avec un anticorps anti-CD3 et separe sur gel de 
polyacrylamide a 2 dimensions. La proteine % peut egalement etre visualisee par 
immunoblot. Les proteines du surnageant des cellules lysees sont separees par 
electrophorese transferees sur membrane, puis detectees avec anticorps anti-). 

3. Les proteines lek et fyn. Celles-ci seront egalement analysees par immunoblot, a partir des 
lymphocytes CD4 isoles. Par ailleurs, 1’activite kinase de ces proteines sera etudiee. Ces 
proteine kinases peuvent Ctre obtenues a partir des lysats cellulaires en utilisant un 
anticorps polyclonal forme contre ces proteines. Les complexes immuns obtenus sont 
reeoltes et places en presence d’ATP marque pour la reaction de kinase. Les polypeptides 
phosphoryles sont ensuite separes sur gel. L’activite kinase peut etre quantifiee par 
densitometrie en comparaison avec celle des cellules de sujets normaux. 
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UTILISATION THERAPEUTIOUE DE TRANSFERT PE GENE PAR VECTEUR 
RETROVIRAL DANS DES CELLULES SOUCHES HEMATOPOIETIOUES CIRCULANTES: 

ETABLISSEMENT D’UN MODELE PRE-CLINIOIJE MIJRIN ET DEFINITION DES 

CONDITIONS IN VITRO DE TRANSFECTION PAR RETROVIRUS DES CELLULES 

SOUCHES HUMAINES. 

Nous avons publie la premiere etude Clinique prospective et randomisee concernant I’intergt 
de l’intensification therapeutique sous couvert d’autogreffe de moelle osseuse dans le cancer 
anaplasique § petites cellules (1) et defini les conditions de concentration des cellules souches 
hematopoietiques medullaires (2). Apres autogreffe, il existe un deficit immunitaire pouvant 
persister plus d’un an. Nous avons demontre que la capacite de proliferation des lymphocytes T 
reduite apres greffe peut dtre restauree in vitro par lTnterleukine-2 (IL-2) (3). Nous avons 
egalement observe que la production d’IL-2 par les lymphocytes T est diminuee de meme que la 
production de l’ARNm de l’IL-2 par rapport aux contrOles normaux (4). De mSme l’elevation du 
calcium intra-cellulaire suivant stimulation par concanavalin A est reduite (5). Nous avons ensuite 
montre que (’administration systemique d’IL-2 ne corrige que partiellement ces deficits chez les 
greffes (6). 

Les cellules souches hematopoietiques peripheriques permettent une reprise apres greffe plus 
rapide que les cellules medullaires. NOtre equipe cherche a optimaliser les schemas 
d’administration de facteurs de croissance apres chimiotherapie permettant d’obtenir les meilleures 
collectes de cellules souches peripheriques par leucapherese (7). Les caracteristiques biologiques 
des cellules souches et leur abondance en font des cibles ideales pour un transfert de gene par 
vecteurs retroviraux. Dans un modele murin preclinique, nous tenterons de corriger le deficit 
immunitaire apres greffe en introduisant, gr&ce 4 un retrovirus, le gene de PIL-2 ou du CD4 dans 
des cellules souches peripheriques murines. Nous definirons egalement in vitro les conditions 
optimales de transfection par r6trovirus de cellules souches peripheriques humaines collectees en 
vue d’une greffe. 
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L’existence d’une relation dose-reponseen chimiotherapie anticancereuse est le point de depart 
des essais cliniques d’escalade de dose, encore appeles "intensification therapeutique". La toxicite 
limitante de la plupart des agents cytostatiques etant la myelotoxicite, les intensifications 
therapeutiques se pratiquent sous le couvert d’auto- ou d’allo-greffe de cellules souches 
hematopoietiques afin de prevenir une aplasie medullaire irreversible. Notre equipe est la premiere 
a avoir publie une etude Clinique prospective et randomisee concernant l’interet de l’intensification 
therapeutique dans le cancer bronchique anaplasique & petites cellules (1) et aujourd’hui les 
chimiotherapies intensives avec autogreffe de cellules souches hematopoietiques. sont activement 
investiguees dans le traitement des leucemies, des lymphomes, des cancers du sein, du testicule 
ainsi que de l’ovaire (2). 

La chimiotherapie intensive suivie de greffe de cellules souches hematopoietiques qui ne 
comprennent qu’un nombre limite de precurseurs lymphoides a pour consequence d’induire chez 
les malades une immunosuppression prolongee, de plus d’un an, contribuant vraisemblablement 
aux infections opportunistes et aux rechutes tumorales frequemment rencontrees chez les malades 
ainsi traites. Notre equipe a contribue & la caracterisation de ce deficit immunitaire (diminution 
du pourcentage et du nombre absolu de cellules T CD4+, augmentation du nombre absolu et relatif 
des cellules NK CD56+, deficit lymphoproliferatif T, deficit de production d’IL-2) et au 
developpement de ses moyens de correction (3,4). L’utilisation systemique d’IL-2 comme 
immunotherapie adjuvante apres intensification therapeutique et greffe de cellules souches 
hematopoietiques produit des effets biologiques interessants sur les cellules NK CD56+ mais peu 
marques en ce qui concerne les lymphocytes T (5). En raison de la toxicite de l’IL-2, ce traitement 
n’est pas sans risque et son application au long cours est difficilement pratiquable. 

On trouve chez 1’homme comme chez la souris des cellules souches capables de repeupler le 
systeme hematopoietique apres agression lethale, dans le foie de foetus, dans le sang de cordon 
ombilical, dans la moelle osseuse et dans le sang peripherique de l’adulte (6). L’utilisation de 
cellules souches hematopoietiques du sang peripherique est aujourd’hui activement investiguee 
(projet interuniversitaire FRSM 74.583.92) en raison de leurs proprietes interessantes en ce qui 
concerne la cinetique de regeneration hematopoietique apres greffe ou en raison de leur collecte 
facile par leucaphereses pratiquees en periode de regeneration hematopoietique post- 
chimiotherapique apres administration de facteurs de croissance hematopoietiques. Les cellules 
souches ainsi collectees presentent une propriete biologique interessante supplemental : une 
haute proportion d’entre elles est activement engagee dans le cycle de proliferation cellulaire ce 
qui en fait des cibles ideales pour transfection par vecteur retroviral (7) contenant par exemple 
le gene de l’IL-2 ou le gene du CD4. 

Le choix des cellules souches peripheriques pour tentative de correction du deficit immunitaire 
post-greffe par transfert de gene apparait encore plus judicieux si 1’on considere que les 
leucaphereses pratiquees apres chimiotherapie et stimulation hematopoietique collectent une 
fraction deja concentree in vivo (jusqu’a 20% des cellules mononucleees ainsi collectees sont 
CD34+) (8). De plus ces progeniteurs hematopoietiques sont relativement plus mflrs que ceux de 
la moelle osseuse, ce qui explique qu’une bonne proportion d’entre eux est appelee 4 s’eteindre 
dans les mois qui suivent la greffe. II s’agit 1& d’une propriete interessante a exploiter si Ton 
souhaite que l’expression du gene greffe s’amenuise avec le temps apres la greffe. En revanche, 
la question de la reprise hematopoietique a long terme dans les cas de greffes pratiquees avec les 
seules cellules souches hematopoietiques peripheriques n’est pas encore resolue (9) et la 
contribution de ce type de greffon a rhematopoiese post-greffe devrait trouver une reponse au 
travers du type de manipulation que nous envisageons. 

Dans une etude clinique realisee par notre groupe (5), l’administration d’IL-2 augmente 
Pactivite des cellules NK CD56+ jusqu’a 2 semaines apres arret de la therapeutique mais ne 
restaure pas de maniere significative les capacites de proliferation des lymphocytes T, 
contrairement a ce que nous avions observe in vitro (3). On peut esperer que la transfection d’un 
gene d’IL-2 ou de CD4 dans des cellules souches peripheriques greffees entratnera un effet 
biologique et clinique plus marque car le recepteur de l’IL-2 est normalement exprime a la surface 
des lymphocytes T qui reapparaissent dans le sang apres transplantation de cellules souches. Par 
ailleurs, l’importance de la majoration de Pactivite cytotoxique non MHC-restreinte dans un 
contexte de maladie residuelle n’est pas clairement etablie; toutefois pour plusieurs types de 
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tumeurs, Futilisation d’IL-2 associee ou non a Fadministration de lymphocyte activated killer 
(LAK) ou tumor infiltrating lymphocyte (TIL) s’est revelee capable d’induire des regressions 
tumorales (10). If apparait que FIL-2 joue un rdle central dans le deficit immunitaire apres 
autogreffe et dans Fimmunotherapie adoptive anticancereuse, ce qui justifie pleinement Femploi 
de cette cytokine dans notre modele. 

Les lymphocytes T helper, principaux producteursd’IL-2, sont classiquement caracterises par 
leur phenotype CD4. La population CD4+ est nettement reduite chez les patients autogreffes et 
cette diminution du nombre absolu de cellules CD4+ explique en partie le deficit de secretion 
d’IL-2. Le rdle de la molecule d’adhesion CD4 n’est pas entierement elucide. Son integrity apparait 
necessaire pour une reponse immunitaire normale, car elle interagit avec certaines tyrosine kinases 
liees au complexe recepteur T. Elle permettrait d’amplifier la production d’IL-2. De plus, la 
presence a faible density de Fantigene CD4 decrite a la surface des cellules pluripotentes 
hematopoietiques suggere que cette molecule joue egalement un rdle dans Fhematopoiese au sens 
large. Les effets de la transfection du gene encodant la molecule CD4 dans les cellules souches 
hematopoietiques seront egalement tres interessants a investiguer. 


BUT DU PROJET 


L’objectif de ce travail est d’une part de developper un modele pre-clinique de transfection 
de cellules souches hematopoietiques murines avec des vecteurs retroviraux contenant le gene de 
FIL-2 ou du CD4 afin de tester les aspects de faisabilite, de toxicite et le retentissement de ces 
manipulations sur la reconstitution immunitaire et la regeneration hematopoietique au long cours 
apres greffe. Les vecteurs seront, si necessaire, rendus plus contrdlables par Fadjonction d’un 
gene-suicide comme, par exemple, le gene de la cytosine deaminase qui convertit la 5- 
fluorocytosine non toxique en 5-fluorouracil cytotoxique (11). Ceci permettrait d’eliminer les 
cellules transfectees en cas d’accident non anticipe. 

D’autre part, le projet a pour but la production de vecteurs retroviraux totalement depourvus 
de particules virales recombinantes et de tester la possibility de transfecter, in vitro y des cellules 
souches peripheriques humaines collectees dans des conditions similaires & celles d’un protocole 
clinique. 

Une eventuelle application clinique ferait bien sQr Fobjet d^une demande d’avenant au present 
projet et ne serait envisagee qu’apres obtention prealable des autorisations requises pour une telle 
experience. 

APPROCHE EXPERIMENTALE 

A. ETABLISSEMENT D^IJN MODELE MIJR1N 

1. Production de retrovirus contenant le cDNA de FIL-2 ou du CD4 

a) Construction des vecteurs retroviraux 

Le plasmide M5-neo contenant un gene de resistance a la geneticine (G418) est un 
excellent vecteur pour Fexpression de gene dans les cellules hematopoietiques (12). 
Le cDNA de FIL-2 ou du CD4 sera insere dans le site du clonage 
EcoRI de M5-neo. Les sequences de polyadenylation de ces cDNA seront 
prealabiement excisees car elles provoquent une chute drastique du taux de 
retrovirus produit. L’Orientation correcte du cDNA sera verifiee en digerant le 
plasmide par enzyme de restriction. 

b) Production de particules retrovirales 

Le plasmide sera transfecte dans la lignee d’emballage ecotropique GP+E86 (13) 
par la technique classique de co-precipitation au phosphate de calcium. Cette 
lignee produit, in trans , les proteines derivees des genes gag y pol r et env necessaires 
a la production de particules retrovirales. Le surnageant retroviral produit par 
cette lignee servira a Finfection de la lignee amphotropique GP+:envAml2. 
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c) Determination du titre retroviral 

Les cellules NIH 3T3 seront infectees avec le surnageant viral produit par cellules 
d’emballage GP+E86 ou GP+envAml2. Seules les NIH 3T3 ayant integre le virus 
et done le gene de resistance au G418, survivront apres introduction de 
1’antibiotique dans le milieu. Le titre viral correspond au nombre de colonies 
formees par millilitre de surnageant viral. 

d) Recherche de retrovirus recombinant infectieux 

Les surnageants de NIH 3T3 infectees par retrovirus et selectionnees par G418 
serviront £ infeeter des NIH 3T3 fraiches et celles-ci seront a nouveau 
selectionnees avec du G418. En l’absence de retrovirus recombinant ces cellules ne 
survivront pas. 

2. Etablissement du modele animal 

a) Infection des cellules souches peripheriques 

Nous utiliserons des souris C3H/HeJ car cette race a ete frequemment utilisee dans 
les experiences de transfert de gene par retrovirus en raison du faible risque 
d’apparition de retrovirus recombinant xenotrope chez ces animaux. Les cellules 
souches hematopoietiques de ces souris seront collectees apres chimiotherapie et 
rhG-CSF par section brachiale ou ponction cardiaque sous anesthesie generate (14). 
Ces cellules seront prestimulees pendant 48 heures par de l’interleukine-6 et du 
Stem Cell Factor pour augmenter la mise en cycle cellulaire (15) et mises ensuite 
durant 48 h en presence de la lignee productrice de virus prealablement irradiee. 
Les cellules hematopoietiques non adherentes seront injectees a des souris 
syngeniques irradiees a dose lethale. 

b) Suivi aprfcs greffe 

A court terme, nous surveillerons les parametres hematologiques (globules blancs 
et plaquettes) par ponction retro-orbitaire. La persistance du gene retroviral dans 
les cellules hematopoietiques peripheriques et medullaires sera evaluee par 
polymerase chain reaction et son expression par Elisa pour l’IL-2 et par cytometrie 
de flux pour le CD4. A plus long terme, lasurvenue eventuelle de lymphomes suite 
a une stimulation du type autocrine par l’IL-2 sera evaluee par suivi clinique et 
examen anatomopathologique des rates et moelles des animaux sacrifies i des 
temps determines de l’experience. 


B. DEFINITION DES CONDITIONS D’INFECTION IN VITRO DES CELLULES 
SOUCHES PERIPHERIOIJES HUMAINES 

Nous disposons d’une lignee cellulaire (PA317) produisant des retrovirus (N2) conferant 
la resistance au G418 a de hauts titres et deja utilises dans plusieurs protocoles cliniques 
(16). Le titre retroviral sera estime et l’absence de virus recombinant sera evaluee. Des 
cellules souches peripheriques humaines fraichement collectees apres chimiotherapie suivie 
de facteur de croissance seront infectees par le surnageant viral filtre car la technique de 
co-culture n’est pas applicable en clinique en raison des risques de contamination par les 
cellules murines. Les cellules souches peripheriques seront done exposees au surnageant 
viral durant des temps a determiner et l’infection des cellules sera controlee par culture 
donate en methylcellulose avec ou sans G418. Les colonies resistantes seront isolees et la 
presence du gene de resistance au G418 sera certifiee par polymerase chain reaction. 
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MECANISMES DE POLYPLOIDISATION MEGACARYOCYTAIRE DANS DES LIGNEES 

CELLULAIRES LEUCEMIQUES. 


INTRODUCTION 

Parmi les affections malignes de la moelle osseuse, les syndromes myeloproliferatifs (maladie 
de Vaquez, leucemie myeloide chronique, thrombocytemie essentielle et splenomegalie myeloide), 
resuitent d’une transformation maligne de la cellule souche hematopoietique et ont en common 
une proliferation accrue sans blocage de maturation des trois lignees myeloides, une 
hyperuricemie, une splenomegalie, une evolution terminate frequente en myelofibrose et en 
leucemie aigue. 

Le caractere monoclonal de la proliferation cellulaire affectant les trois lignees medullaires a 
ete clairement etabli par Petude des femmes noires heterozygotes pour les isoenzymes de la G-6- 
P-D dans la maladie de Vaquez, la leucemie myeloide chronique (LMC), la thrombocytemie 
essentielle (TE), et la splenomegalie myeloide (populations erythrocytaire, granulocytaire, 
plaquettaire, toutes porteuses de la nteme unique isoenzyme). 

Dans les syndromes myeloproliferatifs, la lignee plaquettaire est souvent affectee soit par les 
anomalies des fonctions plaquettaires soit par le nombre excessif des plaquettes. Cependant, il 
existe une heterogeneite au sein des differents syndromes. En effet, alors que dans la leucemie 
myeloide chronique, le volume megacaryocytaire est petit ou normal, dans la thrombocytemie 
essentielle, la caracteristique medullaire est une augmentation de la ploidie megacaryocytaire. 

Sur base de Petude morphometrique des megacaryocytes de souris, Harker a montre en 1968 
une correlation inverse entre le volume megacaryocytaire moyen et la concentration plaquettaire 
(1,2). Apres induction d’une thrombopenie, le volume megacaryocytaire moyen augmente. Par 
contre, suite & l’hypertransfusion de plaquettes, la taille des megacaryocytes diminue. Cette 
regulation est realisee par une substance humorale appelee "thrombopoietine" dont la nature reste 
h decouvrir. Plusieurs cytokines ont une action thrombopoletique (IL-6, IL-11, LIF ...). Par 
ailleurs, Poncogene mpl issu d’un virus responsable chez la souris d’un syndrome myeloproliferatif 
avec fibrose medullaire code pour une proteine presentant des ressemblances avec certains 
membres de la famille des recepteurs de croissance hematopoietiques. L’homologue humain de cet 
oncogene a ete clone (3). Les lignees megacaryocytaires connues expriment intensement cet 
oncogene suggerant qu’il code pour un recepteur k un facteur tres specifique de la 
megacaryocytopoiese (4). Chez Phomme une correlation similaire a ete observee en condition 
normale. En pathologie, cette correlation entre le volume megacaryocytaire moyen et la 
concentration plaquettaire se verifie d’une fagon assez surprenante dans la leucemie myeloide 
chronique alors que dans la thrombocytemie essentielle le volume megacaryocytaire moyen eleve 
semble echapper au contrdle thrombopoietique. Ces donnees ont ete confirmees en 
cytofluorometrie en flux par Tomer (5) ainsi que par notre equipe. 

II est impossible d’obtenir une lignee continue a partir de cellules normales. La leucemie 
myeloide chronique est particuiierement interessante puisqu’elle presente des troubles de 
proliferation couplee k une regulation normale megacaryocytaire. Nous avons etabli dans notre 
laboratoire quatre lignees nouvelles issues de deux patients atteints de leucemie myeloide 
chronique (lignees DB et DL) et de deux patients atteints de thrombocytemie essentielle (lignees 
A A et DD). L’etude morphometrique des megacaryocytes de ces patients est en accord avec la 
theorie de Harker. Ces lignees sont etablies et repiquees depuis plusieurs mois dans un milieu 
supplemente avec 10% de serum de veau foetal. 
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Par Petude de ces lignees cellulaires issues de deux affections malignes proliferates ou le 
phenomene de polyploidisation est normal (LMC) ou anormal (TE), nous proposons d’etudier les 
anomalies du controle de Pendomitose megacaryocytaire. 

BUT DU TRAVAIL 

Notre projet a pour but de determiner les anomalies de la polyploidisation entrainant 
P hyperplaquettose de la TE a partir des lignees continues humaines que nous avons etablies. La 
comparison se fera avec nos lignees continues issues de patients atteints de LMC ou le contrdle 
de la polyploidisation megacaryocytaire est normale. Nous avons montre que Pabsence de 
polymerisation de Pactine induit la polyploidisation des megacaryocytes. Les esters de phorbol et 
certaines cytokines augmentent la ploidie megacaryocytaire, nous voulons demontrer que leur 
action sur ces lignees s’exerce sur le metabolisme de Pactine. 


APPROCHE EXPERIMENT ALE 

1- Develop pement de nouvelles lignees continues mSgacarvocytaires 

Nous avons done etabli des lignees continues si partir de moelle de patients atteints de 
LMC et de thrombocytemie essentielle. D’autres affections malignes de la moelle osseuse 
s’accompagnent de perturbation de la megacaryocytopoiese (la maladie de Vaquez, la 
splenomegalie myeloide, les myelodysplasies et certaines leucemies aigues k caractfcre 
megacaryocytaire). Parallelement k la caracterisation des lignees dej£ etablies, nous 
poursuivrons le developpement d’autres lignees au fur et k mesure des opportunites de la 
clinique. 

2. Caracterisation des HgnSes etablies 

a. Cytologie 

Les quatres lignees seront analysees du point de vue cytologique par la coloration classique 
de May-Grunwald Giemsa (MGG). Ensuite, la presence de caracteristiques 
megacaryocytaires telles que la presence de membranes de demarcation, des granules 
denses et granules ot ainsi que le contenu en peroxydase plaquettaire seront etudies par 
microscopic electronique. 

b. Cytochimie 

Les examens cytochimiques nous permettront de detecter en microscopie optique l’activite 
de la myeloperoxydase, des phosphatases acides, des esterases (alpha-naphtyl, alpha- 
naphtyl-butyrate, chloro-naphtyl-ASD acetate, esterases) ainsi que la positivite pour la 
reaction de PAS (Periodic Acid Schiff). 

c. Immunologie 

La mesure de ploidie (coloration a Piodure de propidium) est realisee en cytofluorometrie 

en flux. Le contenu proteique pourra etre simultanement quantifie par un 
immunomarquage direct k la fluoresceine. La cytofluorometrie en flux nous permettra de 
mesurer Pexpression des proteines plaquettaires. C’est ainsi que notre etude portera sur la 
mise en evidence des glycoproteines membranaires : la GPIIb/IIIa et la GPIb ainsi que sur 
les facteurs VIII et de von Willebrand. Par ailleurs, les contenus de granules alpha en 
PDGF, fibrinogene, facteurs de von Willebrand, f$-TG et PF4 seront mesures de meme que 
le contenu des granules denses. 

d. Taille et distribution de ploidie k P6tape basal 

Par morphometrie (Harker, 1968), nous pourrons estimer la taille des cellules et, par 
cytofluorometrie, la taille et la ploidie des noyaux cellulaires. 

e. Caracteristique genetique 

Uhe analyse cytogenetique revelera le caryotype de nos cellules ainsi nous confirmerons 
la nature maligne de nos cellules et Pabsence d’anomalie supplementaire. Les deux patients 
atteints de LMC et dont les lignees sont issues ont un rearrangement du bcr. 


Source: https://www.industrydocuments.ucsf.edu/docs/yzkmOOOO 


2023251789 




f 

I 


! 

i 



L 


Is 


3. Caracterisation en culture et 6tude de la polyploidisation 

a. Taux de proliferation en culture 

Nous etablirons le taux de proliferation en culture en calculant Taugmentation cellulaire 
en fonction du temps et en mesurant le taux d’incorporation de la thymidine tritiee* 

b. Culture sans serum 

Mises en presence d’un milieu synthetique de base, beaucoup de cellules ne font que 
survivre. Le declenchement de la division cellulaire n’est possible qu’en presence d’un 
certain nombre de facteurs mitogenes, le plus souvent fourni par le serum. Cependant, le 
serum a plusieurs inconvenients car il se presente sous forme de mixture tres complexe 
dont les composants sont mal definis. C’est pourquoi, il s’avere interessant de remplacer 
le serum par un melange connu de facteurs de croissance (milieu defini). 

c. Reponse aux cytokines 

Parmi les cytokines, TIL-6, TIL-11, le LIF, Terythropoietine et TIL-3 ont la capacite 
d’augmenter la ploidie des megacaryocytes normaux. Nous etudierons la ploidie des 
cellules de nos lignees suite a Tadjonction de ces facteurs. Une eventuelle synergie sera 
etudiee par Taddition de combinaison de ces facteurs. 

Nous etudierons Texpression de Thomologue v-mpl dans les lignees que nous avons etablies 
et sa modulation par les facteurs de croissance. Les oligonucleotides antisens seront utilises 
pour definir le r61e de cette nouvelle molecule dans la lignee megacaryocytaire (ploidie en 
cytofluorometrie en flux). Cette technologiesera aussi appliquee k Tetude de la modulation 
de Texpression des genes codant pour les recepteurs aux cytokines connus pour leur action 
stimulante de Tendomitose (IL-6R, LIF-R, IL-ll-R...). 

4. Etude de Tactine 

Nos etudes chez la souris suggerent que Tabsence de polymerisation de Tactine entralne 
Tendomitose megacaryocytaire (6). Nous avons confirme ces donnees chez Thomme par 
Tetude de lignees leucemiques k caracteristique megacaryocytaire (DAMI, MEG01, HEL, 
K562). Nous avons remarque apres quatre jours de culture une augmentation de la taille 
et de la ploidie de ces cellules suite & Tadjonction d’ester de phorbol (stimulant non 
specifique des recepteurs aux facteurs de croissance) et/ou de cytochalasine B (inhibiteur 
de la polymerisation de Tactine). Ces experiences seront egalement realisees sur nos 
propres lignees. Le r61e physiologique de Tactine dans Tinduction de la polyploidisation 
doit encore 6tre demontre. Dans ce but, nous comptons mesurer Tactine sous ses 
differentes formes : 

a. Mesure globale au cytofluoromfetre en flux. 

Nous avons mis au point la mesure globable de Tactine sur des populations lymphocytaires 
par marquage & Taide d’un anticorps dirige contre Tactine. Les quantites globales d’actine 
seront mesurees sur les quatres lignees megacaryocytaires ^ notre disposition avant et apres 
stimulation au PM A et & la cytochalasine B. Une correlation avec la ploidie de ces cellules 
pourra etre effectuee par marquage concomittant des cellules k Tiodure de propidium. 
Dans ce cas, trois possibilites peuvent etre envisagees. Tout d’abord, une absence 
d’augmentation de Tactine permettrait de postuler que la plus grande partie de Tactine est 
impliquee. Ensuite, une augmentation "saltatoire" ou progressive suggererait qu’une faible 
partie seulement de Tactine serait impliquee dans Tendoreduplication. 

b. Mesure qualitative de Tactine G et de Tactine F 

L’actine se presente sous deux formes : Tactine G monomerique et soluble et Tactine F 
polymerisee et insoluble. L’actine G tout comme Tactine F ont la capacite de se .Her a toute 
une serie de ligand. La profiline se lie a Tactine G et gene la polymerisation. 

La gelsoline rompt les filaments d’actine F et se lie a une des extremites. Ces deux 
proteines rendent compte de la structure de la cellule. La tropomyosine se lie lateralement 
le long du filament et la myosine se deplace le long de celui-ci. Ce sont elles qui assurent 
la motilite de la cellule. Enfin, la villine et Talpha-actinine connectent les filaments entre 
eux formant ainsi les trames ou reseaux. 

La concentration d^actine est reiativement constante dans toutes les cellules. C’est d’ailleurs 
pour cette raison qu’elle a ete utilisee comme controle de Texpression genique d’autres 
molecules. Quelques anticorps monoclonaux reconnaissent differents epitopes de Tactine. 
Malheureusement, ils ne permettent pas reellement de deceler les sites de liaison aux 
differents ligands et des lors de mettre en evidence les differents types d’actine. C’est par 
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marquage fluorescent que nous pourrons mettre en evidence dans l’endomitose le type 
d’actine et done la fonction perturbee (motilite, structure par exemple,...). De plus, la 
phalloidine qui se lie specif iquement au filament d’actine permettra d’analyser le processus 
dynamique de la formation d’actine. Des lors de fa?on a mettre en evidence le type precis 
d’actine, nous emploierons le tri cellulaire au cytofluorometre en flux (Coulter Elite) sur 
les lignees ainsi que sur les cellules normales. Cette technique a deja ete mise au point dans 
notre laboratoire. Nous avons dej& separe des megacaryocytes en diverses phases 
mitotiques (2N et > 2 N). Apres tri de ces cellules en fonction des classes de ploidie, nous 
pourrons par electrophorese determiner les modifications quantitatives et qualitatives de 
l’actine. 

c. Modification de (’expression du gene de Pactine 

L’expression du gene de Pactine est un phenomene modulable. Les agents adrenergiques 
et Pheparine conduisent a la synthese d’aotine (7,8,9,10). Nous testerons leurs effets sur 
l’induction de polyploidisation de nos lignees cellulaires. Certains facteurs de transcription 
? contrblent la synthese d’actine. Par addition d’oligonucleotides antisens au milieu de 

culture, nous bloquerons ces facteurs de transcription et etudierons leurs effets sur la 

* ploidie des cellules des lignees en culture. 
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ABSTRACT 


Studies in recent years have suggested that human tumor cell lines are capable of responding 
in vitro to hematopoietic growth factors. In the present study, we investigate the transcription of 
the a and f) subunits of GM-CSF receptor (GM-CSFR), the a and/5 subunits of IL-3 receptor (IL- 
3R), the single subunit of IL-6 receptor (IL-6R) and its associated gp 130 transduction protein by 
PCR amplification of reverse transcribed cellular mRNA in 34 malignant cell lines derived from 
a variety of histologic cell types. mRNA for only a single subunit polypeptide was found in a 
significant minority of cell lines (23%), while in 20% both the a and £ subunits of either the GM- 
CSFR or the IL-3R were detected, distributed among a number of different histological cell types. 
Transcription of the gene encoding the IL-6R was found in 38% of cell lines, and all lines 
transcribed the gpl30 transduction protein, consistent with previous observations on the ubiquity 
of that polypeptide. In order to test the in vitro effect of exogenously added growth factors on 
those malignant cell lines transcribing complete cytokine receptor, either GM-CSF, IL-3 or IL-6 
was added in therapeutic concentrations (20-500 ng/ml) and cellular proliferation measured by 
incorporation of [ 3 H]-thymidine. No stimulation was seen at either 3 and 6 days of culture. 
Production of cytokine by these cell lines was investigated at the level of transcription and by 
assay of peptide product. None transcribed mRNA for either GM-CSF or IL-3, while 5 of six 
(STD, DOZ-, ADE, Hep-2 and Detroit) expressed IL-6 mRNA. Of these latter, 2 (lines ADE and 
Hep-2) produced IL-6 as determined by bioassay, while none produced GM-CSF or IL-3 by 
ELISA. This suggests that in the case of GM-CSF and IL-3, failure to proliferate on addition of 
cytokine is not due to the prior presence of endogenous production. In contrast, at least a subset 
of malignant cell lines may involve a closed IL-6 autocrine loop saturating cell surface sites. These 
findings suggest that the ability to transcribe the genes encoding cytokine receptor is alone 
insufficient to render cells cytokine-responsive, and that malignant cells may lack the cellular 
machinery for cytokine-induced proliferation. This in turn suggests that therapeutic 
administration of either GM-CSF, IL-3 or IL-6 may involve no additional risk of tumor regrowth 
in vivo. 
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INTRODUCTION 


GM-CSF 3 and IL-3 are potent hematopoietic growth factors stimulating the proliferation and 
differentiation of both multipotent stem cells and lineage-committed hematopoietic cells (1,2). 
The transmembrane cell surface receptors which bind ; these growth factors and transduce their 
signal intracellularly have been cloned and characterized in recent years. The human GM-CSF 
receptor (GM-CSFR) is composed of two subunits, a low affinity alpha subunit specific for the 
GM-CSFR (3) and a beta subunit, which it shares in common with the IL-3 receptor (4). 
Together, these make up the 45 kDa receptor, and their coexpression results in high affinity GM- 
CSF binding (5). The IL-3 receptor (IL3R), likewise composed of two subunits, the common beta 
subunit and a recently cloned specific alpha subunit, has a combined molecular weight of 120 kDa 
(4,5). Interleukin-6 (IL-6) is a pleiotropic cytokine involved in immune and inflammatory 
processes in addition to its role in hematopoietic maturation (6). Its receptor (IL-6R), composed 
of a single unit with a molecular weight of 80 kDa, and an associated gp 130 transduction protein 
have been cloned and characterized (7-9). 

The influence of hematopoietic growth factors has recently been examined in a variety of 
human solid tumor cell lines, including those derived from small cell lung cancer, from melanoma, 
as well as from renal, colon gastric and ovarian carcinomas. Several reports suggest that GM-CSF, 
IL-3, and IL-6 might be capable of stimulating the growth of some of these malignant cell lines 
in vitro (10-21), although discrepancies have been found in comparing different studies of the 
same histologic tumor type and even among tumor cell lines derived from the very same source. 
These apparent inconsistencies likely arise from the biological heterogeneity of the tumors studied. 
What emerges, however, is the possibility that malignancies, or at least a subset of malignant cells, 
may owe part of their capacity to proliferate to stimulation by cytokines. Moreover, the 
stimulation may result from either a paracrine effect of cytokine produced by a source other than 
the tumor itself, or from a self-sustaining autocrine loop of tumor-produced cytokines (22-24). 

Because of the increasing use of hematopoietic growth factors in clinical settings following 
chemotherapy and autologous bone marrow transplantation (25), there is concern that these 
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stimulating factors, while promoting re-population of the bone marrow, might at the same time 
induce regrowth of residual tumor. In this report, we analyze the transcription of the genes 
encoding the GM-CSF, IL-3, and IL-6 receptors in 34 cell lines derived from a variety of human 
malignancies. RNA message for cytokine receptors was found to be transcribed to a greater degree 
than previously reported. However, despite evidence for transcription and expression of growth 
factor receptors by tumor cells, no indication was found that this results in cellular proliferation 
in vitro when the corresponding factors are exogenously added in a range of concentrations 
analogous to those administered therapeutically. More than just the presence of cell surface 
receptors may be required for a stimulatory response to cytokines; Failure to proliferate may be 
due to either an inability of tumor cells to bind cytokines in adequate concentrations or to an 
inability to properly transduce signal from the cell membrane to the cytosol. These in vitro 
findings imply that in vivo therapeutic administration of hematopoietic growth factors may entail 
no proliferation of tumor cells and no added risk of tumor recurrence clinically. 

MATERIALS AND METHODS 

Cell lines.. Small cell lung cancer cell lines (OC1, OC2, OC3, FRA, STO, GEL, THO, BAT, DEV, 
VHE, FIC, DOZ) were established in our laboratory except for two cell lines (H69 and H128) 
kindly provided by the National Cancer Institute (Bethesda, MD), and were cultured in RPMI- 
HITES medium (26). Melanoma cell lines (DES, G43, WO, RENI, ADE) were developed in our 
laboratory and maintained in Dulbecco’s medium with 20% Hepes, 4.5% glucose and 10% FCS. 
Head and neck carcinoma cell lines (Fadu, KB, Hep-2, Detroit 562, RPMI2650) were purchased 
from the American Type Culture Collection (ATCC, Rockville, MD) and cultured in MEM with 
non-essential amino acids and 10% FCS. Ovarian neoplastic cell lines (AZ 224, AZ 382, AZ 364, 
AZ 303) obtained from Dr. J. De Greve (Division of Medical Genetics, Vrije Universiteit, 
Brussels) and prostatic carcinoma (DU145) cell line purchased from the ATCC were cultured in 
RPMI 1640 supplemented with 10% FCS. Two gastric cancer cell lines from the ATCC (AGS and 
KATO III) were cultured in Ham’s F12 and RPMI 1640 media respectively. Finally, three kidney 
carcinoma cell lines obtained from the ATCC (CAKI I, CAKI II, A498) were maintained in 
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McCoy’s or MEM media. HL60 cells (a human promyelocytic cell line) (27), KG1 cells (28) and 
CESS cells (an EBV-transformed B cell line) (29) were used as positive controls. 

. PCR amplification and analysis of product . Total RNA was extracted from 5xl0 6 cells either using 

> the phenol extraction method (30) or the guanidium method (31). cDNA was synthesized using 1 

ug of total RNA with reverse transcriptase (BRL, Gaithersburg, MD), and random 
hexanucleotides (Pharmacia, Milwaukee, WI) in a 20 yl volume containing final concentrations 
of 50 mM Tris pH 8.3, 20 mM KC1, 10 mM MgCl 2 , 5 raM DTT and 1 mM of each dNTP. 5 y\ 
j of the reverse transcriptase reaction was used for PCR amplification in a 50 y\ volume containing 

t 15 picomoles of primers, 1 nanomole of each dNTP, and 2.5 units of Taq DNA polymerase (BRL) 

in a final concentration of 50 mM KC1, 10 mM Tris-HCl pH 8.3, and 2.5 mM MgCl 2 . Reaction 
j; mixtures were subjected to 25 successive cycles consisting of heat denaturation (94°C, 1.5 min), 

annealing (55°C for 2 min for GM-CSFR alpha, GM-CSFR beta, IL-6R, IL-3, and IL-6, 60'C 
l for IL-3R alpha, GM-CSF, and 65°C for human beta actin) and primer extension (72°C for 3 

^ min). PCR products were size fractionated in 2% agarose gels, and blotted onto Genescreen Plus 

^ • nylone membranes (Dupont NEN, Boston, MA). The blots were hybridized with gene-specific 

| oligonucleotides probes internal to the paired PCR primers used in generating each product 

Oligonucleotides were end-labelled by T4 polynucleotide kinase and gamma-[? 2 P] ATP (32). The 
i sequences of each set of PCR primers and their corresponding gene-specific internal 

7 iVst 

:itation oligonucleotide probes are depicted in Table 1 (first citation of Table 1). Conditions of 
Table 1 

i , prehybridization, hybridization and washing were performed as previously described (32) at the 

| temperatures indicated in Table 1. 

W. . 

Assay for endozeneous cytokine production by malignant cells . Supernatants of malignant cell lines 

i 

x .... 

of at least 3 days growth were assayed for the presence of GM-CSF and IL-3 in 96 well-plates 

f - 

by ELISA as recommended by the manufacturer (Amersham International, UK). IL-6 activity was 
| measured using the IL-6-dependent murine hybridoma 7TD1 as previously described (33). 
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Cellular Proliferation Assay . Cells were cultured, in triplicate, in 100 /x 1 of their respective 
medium containing FCS at a concentration lower than that used in the original cultures (3%) in 
96-well flat-bottomed microtiter plates (Costar, Cambridge, MA) at a concentration of 10 s cells 
per ml. Human recombinant growth factors rGM-CSF, rIL-3 and rIL-6 (provided by Sandoz, 
Basel, Switzerland) were added at three different concentrations (20, 100* 500 ng/ml) to each set 
of triplicate wells at the initiation of the culture. After 3 and 6 days of culture, 0.5 uCi of [ 3 H]- 
thymidine (Dupont NEN) was added to each well and cells were harvested 1 24 hours later. 

Statistical analysis . Values are expressed as the mean and ± standard error of the mean (SEM). 
The significance of differences between groups was calculated using the Student-Newman-Keuls 
test. 

RESULTS 

PCR amplification products of the cytokine receptor gene transcripts under study are depicted 
in Table 1. As indicated, the expected lengths of the gene transcripts were 530 bp for GM- 
CSFRq, 442 bp for IL-3Ra, 316 bp for the common p chain, 306 bp for IL-6R, 322 bp for GM- 
CSF, 344 bp for DL-3, and 459 bp for IL-6. In addition, the PCR primers corresponding to the 
IL-6 signal transducer yielded a 759 bp product and those for actin yielded a 519 bp product. 
Amplification with the actin primers confirmed the presence of intact cDNA in each sample. 
Hybridization of each PCR product to its corresponding gene-specific internal oligonucleotide 
probe confirmed the specificity of the amplifications. 

Results of cytokine receptor gene expression are presented in Table 2 (first citation of Table 
2). Transcription of the gene encoding only a single subunit of the GM-CSFR or IL-3R was 
detected in a significant minority of cell lines (8/34, 23%). The alpha subunit of GM-CSFR was 
detected alone in 6/34 of the lines while the alpha subunit of IL-3R alone was not found in any. 
Both alpha subunits were identified in 2/34 cell lines. The beta subunit, common to both the GM- 
CSFR and IL-3R, was found as the sole transcript in 1/34 cell lines. Expression of a single 
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subunit, or of only alpha subunits of both GM-CSFR and IL-3R, without concomitant production 
of beta subunits confers only low affinity binding to their respective cytokines. Simultaneous 
expression of both the alpha and beta subunits of either the GM-CSF or the IL-3 receptor was 
seen in 7/34 (20%) of the cell lines. Of these, transcripts of the two GM-CSFR subunits alone 
were detected in 1 and those of IL-3 in 2, while in 4 cell lines, both subunits of both receptors 
were identified. These included 2 small cell carcinoma cell lines, 1 melanoma cell line, 2 head and 
neck cancer cell lines, 1 ovarian carcinoma, and 1 renal carcinoma cell line. Transcription of the 
gene encoding the IL-6R was found in 13/34 (38%) cell lines including 2 small cell lung cancers, 
2 melanomas, 4 head and neck tumors, 1 prostatic carcinoma, 1 gastric carcinoma, and 3 renal 
carcinomas. The expression of the IL-6 signal transducer, gpl30, was expressed by all cell lines 
regardless of the concomitant transcription of the other cytokine receptors, including IL-6R. 

Characteristic results of PCR amplification of the panel of tumor cells are shown in Figure 
1 (first citation of Fig.l). As indicated, a relatively high frequency of transcription of cytokine 
receptor genes was found. Amplification of even minute amounts of reverse-transcribed cDNA 
could conceivably yield false positive results. For this reason, we diluted the re verse-transcribed 
cDNA serving as template by 1:100 in those cell lines yielding initial positive PCR products. The 
diluted material was then amplified and the product quantitatively compared to that obtained: from 
the PCR product using as template undiluted cDNA from the positive control cell lines by 
hybridizing to the corresponding internal oligonucleotide probe (not shown). Simultaneously run 
appropriate negative controls assured that positive samples did not result from contamination. 

To test the in vitro proliferative effect of exogenously added growth factors on malignant 
cells, those cell lines expressing both subunits of either GM-CSFR, IL-3R, or those transcribing 
the single unit of IL-6R were cultured with their appropriate cytokine in a concentration range 
of 20 ng/ml to 500 ng/ml and stimulation was measured by incorporation of [ 3 H]-thymidine. No 
stimulatory effect as compared to the control culture was seen at any of the concentrations for 
either GM-CSF, IL-3 or IL-6 at either 3 or 6 days of culture (Table 3) (first citation of Table 3). 
The lower concentration of GM-CSF and IL-3 actually yielded diminished incorporation [ 3 H]- 
thymidine in cell line STO and DOZ suggesting that antiproliferative effect at those concentration 
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cannot be definitively ruled out. 

By ELISA, neither GM-CSF nor IL-3 were detected in the supernatants of the cell line used 
in the proliferative assays. IL-6, as measured by bioassay with the IL-6-dependent murine 
hybridoma 7TD1 (33) is absent in the supernantants of lines STO, DOZ and Detroit, while present 
in lines ADE and Hep-2 at 200 ng/mi and 225 ng/ml respectively. 

Analysis by PCR amplification of the expression of the cytokine gene transcription 
corroborates these results. Transcripts of neither GM-CSF and IL-3 were not found in any cell 
line studied. However, transcription of the gene encoding IL-6 was detected in most cell lines 
from a variety of histologic origins (Table 4) (first citation of Table 4). 


Hematopoietic growth factors have won ah established place in the prevention and treatment 
of the hematologic complications induced by cancer chemotherapy. However, a number of reports 
have suggested that growth factors might also induce the in vitro proliferation of non-hematologic 
malignant cell lines or at least a subset of tumor cell lines (10-21). Presumably, the inappropriate 
presence of cell surface receptors for cytokines on tumor cells contibutes to the growth 
deregulation characteristic of malignancies. The use of growth factors, then, might facilitate the 
progression of the residual disease or, depending of the factor involved, might conceivably induce 
tumor cell differentiation as welL 

In the present study, on examining the transcription of the genes encoding receptors for 
growth factors, we observed a relatively frequent expression of both subunits of either the GM- 
CSFR or the IL-3R (20%) as well as of the single subunit of IL-6R (38%). These included cell 
lines derived from a variety of malignant histologic types (Table I). Expression of the IL-6 signal 
transducer, gpl30, was detected in all cell'lines, even in those not transcribing the IL-6 receptor 
gene itself. This is consistent with previous observations on the ubiquity of gp 130 expression (8). 
$i The ability of non-hematopoietic tumor cells to transcribe mRNA for receptors of normal 

hematopoietic growth factors suggests that the genes encoding those cell surface peptides are 
among the dysregulated genes that may be a marker of or even possibly causally linked to 
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malignant proliferation. Significantly, the fact that some malignant cells dysreguiate the gene 
encoding a single receptor subunit, while others dysreguiate two genes points to the heterogeneity 
of tumors, even among those of the same histologic type (Table 2) regardless whether the receptor 
is functional or not. Further biological heterogeneity may be introduced by differential abilities 
to translate peptide products and assemble them on the cell surface as structurally and functionally 
the same receptor as present on normal hematopoietic cells. This forms the basis of further 
investigations (T. Guillaume et al, manuscript in preparation). 

The sensitivity of PCR amplification could yield false positive results and thereby overestimate 
transcription of cytokine receptor genes. Generation of PCR product is geometrically proportional 
to the amount of template available for amplification (39). With the quantitative technique used 
in this study, even 1:100 dilutions of the reverse-transcribed cDNAs serving as PCR template 
yielded products detectable at the same level as detected with undiluted cDNA derived from the 
hematopoietic cell line serving as positive control. Had there been a systematic laboratory 
contaminant of samples actually negative for the receptor, one might have expected the dilutions 
to give product yields of varying intensity in quantitative PCR, depending on their degree of 
contamination. Furthermore, simultaneously run side-by-side negative controls were consistently 
negative. In fact, a majority of the simultaneously amplified malignant cell lines studied were 
negative for transcription of complete two-sub-unit cytokine receptors in the very sensitive 
oligonucleotide probe hybridizations used here, further arguing against indiscriminant, artifactual 
amplification. Basal levels of gene transcription of tissue-specific genes in non-specific cells, a 
phenomena termed illegitimate transcription, has been demonstrated by PCR amplification in a 
number of genes including p globin, Factor VIIIc, aldolase A, and anti-Mullerian hormone (40). 
It has not yet been demonstrated if it is a universal phenomena for ail human genes. Even if true 
for the genes encoding cytokine receptors, it is reasonable to assume that as in the case of other 
tissue-specific gene, only those transcribed at a significant level may potentially produce 
biologicaily-active products. In the case of cytokine receptors, significant levels are those 
comparable to those in established cell line known to be cytokine-responsive which we have used 
as positive controls. 
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Cell lines transcribing the complete receptors for either GM-CSF, IL-3 or IL-6 were examined 
in medium containing low concentration of FCS (3%) in the presence of a wide range of 
concentrations of cytokines, from 20 to 500 ng/ml, known to stimulate hematopoietic progenitor 
cell proliferation in vitro. No proliferative enhancement as measured by incorporation of [ 3 H]- 
thymidine could be detected at either 3 or 6 days of culture. In addition, at the lower 
concentrations of GM-CSF and IL-3 (20 and 100 ng/ml) decreased in [ 3 H]-thymidine 
incorporation was seen in cell lines STO and DOZ, so that an antiproliferative effect, at least on 
those two lines, cannot be entirely ruled out. These findings suggest that the growth factors 
neither induce previously non-clonogenic cells to clonal growth nor increase the size of existing 
clones. Since the cells themselves produce neither GM-CSF or IL-3, as determined both by the 
absence of gene transcription (Table 4) as well as by ELISA, the lack of response to exogenous 
GM-CSF or IL-3 is not due to occupation of all available cell surface receptor sites by 
endogenously produced factors. However, lines STO, DOZ, ADE, Hep-2 and Detroit do transcribe 
the IL-6 gene (Table 4). Despite this, IL-6 activity, as measured by bioassay is absent in 3 (STO, 
DOZ and Detroit) of these 5 lines. Since the bioassay requires intact cytokine, IL-6 gene 
transcription divorced from elaboration of the functional peptide product suggests either 
dysregulated translation, decreased cytoplasmic half-life, or a non-functional cytokine. As in IL-3 
and GM-CSF, the absence of IL-6 production militates against the presence of an autocrine loop 
as an explanation for the lack of proliferative effect of exogenously added IL-6 in those lines. 
However, cell lines ADE and Hep-2 do produce detectable levels of IL-6 and their IL-6 receptor 
sites may already be occupied by endogenous cytokine. Conceivably, even small amounts of IL-6 
could occupy sufficient surface receptor sites to block added IL-6 even in cell lines evidencing 
IL-6 mRNA transcription but no IL-6 production. However, in such a case, a disparity would 
remain between the strongly positive results on quantitative PCR determinations of mRNA and 
even a putatively low level of IL-6 production, below even detection by bioassay. Furthermore, 
the apparent discrepancy between cellular transcription of message encoding the cytokine 
receptors (Table 2) and the absence of proliferation in vitro on addition of cytokines (Table 3) 
suggests ineffective receptor peptide assembly despite production of full-length RNA message. 
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Alternatively, low density of cytokine receptor peptides on the tumor cell surface may preclude 
effective binding of cytokine, or, even in the presence of adequate cytokine binding, the cell may 
lack the appropriate machinery for signal transduction. 

Previous studies of the in vitro proliferative effects of GM-CSF on tumor cells have not been 
conclusive. While stimulations of fresh solid tumor biopsies including from breast, colon, lung, 
ovarian carcinomas as well as melanomas have been almost uniformly negative (13,14) 
proliferative responses to GM-CSF have been reported in established tumor cell lines, although 
variable results have been recorded between different laboratories, at times using the very same 
cell lines. That tumors of the same histopathology but of different sources might give variable 
results is not altogether surprising; malignancies, even of the same cell type, are by their nature 
biologically heterogeneous. In addition, heterogeneity of continually passed cell lines, even from 
the very same original source, can probably account fora great deal of apparently inconsistent in 
vitro results. The advantage of the present report is that cell lines used both in the cytokine 
receptor gene transcription study and in the proliferation assays include lines developed by us 
which have not undergone continual passage, and therefore are more likely to reflect in then- 
biological activity the original tumors from which they were derived. 

Studies regarding the in vitro effects of IL-3 on malignant growth have been less extensive 
than those for GM-CSF. Evidence exists, in a limited study, that IL-3 enhances the growth of 
pancreatic and gastric carcinoma cell lines and was additive to the stimulatory effect of GM-CSF 
(17). Likewise, IL-3 has been found to be stimulatory to a single colon carcinoma cell (11), and 
small cell lung carcinoma cell lines (18). In contrast to GM-CSF, IL-3 has also be found to be 
stimulatory in a minority (23%) of primary tumor biopsies in a tumor cloning assay (15). 

Perhaps the most consistent observations have been made with IL-6. By immunochemical 
staining, IL-6 has been found to be present in a wide variety of solid tumors including colon, 
ovarian, and breast carcinomas as well as in Kaposi’s sarcoma (41); in squamous cell carcinoma 
and in soft tissue sarcomas (42). However, such staining is unable to differentiate between 
endogenously produced tumor IL-6 and mere adhesion of cytokine produced elsewhere. Gn the 
other hand, renal carcinoma cell lines have been shown to both produce and proliferate in 
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response to IL-6 and demonstrate growth arrest in the presence of anti-IL6 antibodies (43, 44). 
Expression of both IL-6R and IL-6 has been demonstrated in prostatic carcinoma (21), and while 
ovarian carcinoma cell lines have been seen to have both constitutional and inducible production 
of IL-6 (22, 42), addition of exogeneous IL-6 did not affect cell proliferation (45). It is unclear 
whether this means IL-6 has no growth effect on the tumor cells or whether endogenously 
produced IL-6 already occupied all available receptor sites. Similarly, elevated levels of IL-6 have 
been detected in human hepatic carcinoma cell lines (46). 

In the present study, the presence of either an exterior cytokine paracrine effect or of self- 
sustaining autocrine loop in those malignant cells transcribing cytokine receptors is unlikely, given 
both the lack of cytokine production by the malignant cell themselves as measured by either 
ELISA or bioassay and the absence of proliferative response to exogeneously administered 
cytokines in vitro as measured by incorporation of [ 3 H]-thymidine. By design, the proliferative 
studies were carried out in flat-bottomed wells to avoid cellular confluence that might lead to 
contact inhibition and absence of confluence was ascertained visually. Proliferative studies depend 
on the cells being in active growth phase. The concentration of cells (10 5 /ml or 10 4 /100 well), 
the range of added cytokines (20-500 ng/ml) and the incubation period (3 and 6 days) are in 
keeping with previous cellular proliferative studies (10,16,17,18,19). In most other studies, as in 
the present one, growth factors were added only at the beginning of the culture period; only in 
the study of Dippold et al. (17) were growth factors added initially and every other day. Here, as 
in all published reports, conclusions regarding cellular proliferation are limited to the conditions 
used Even if present, an in vitro stimulatory effect of cytokines on malignant cells would not 
necessarily translate into enhanced cell growth in vivo. Berdel et al (47) have demonstrated that 
two malignant cell lines, respond to exogeneous GM-CSF and IL-3 by enhanced growth in vitro. 
However, when xenotransplanted in nude mice, the two malignant cells lines were not induced 
by those same growth factors administered in vivo to the mice hosts. In vitro growth stimulation 
may in general not be easily extrapolatable to in vivo tumors. Apparent inconsistencies between 
the two might arise from differing pharmacokinetics of cytokines in vitro and in vivo. In addition, 
there is inherent heterogeneity of in vivo tumors even as compared to in vitro tumor cell lines, 
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and the same clonogenic subpopulation present in vitro may not be the one predominating in vivo. 
Furthermore, apart from any direct effect of cytokine on malignant cells, growth factors can 
independently promote antitumor toxicity in vivo. The systemic administration of IL-6 in vivo 
has been shown to mediate reductions in pulmonary and hepatic metastases in syngeneic murine 
tumors (48,49) which appears to be due to in vivo generation of tumor-specific cytotoxic T cells 
at the tumor site. In fact, unlike the other cytokines studied here, IL-6 has been seen to directly 
inhibit malignant cells : In vitro, IL-6 has been shown to suppress the proliferation of human 
breast carcinoma and lymphoma cell lines (50). 

In vitro experimental evidence gathered to date has suggested the possibility of in vitro 
stimulation of at least a subgroup of malignant cell types by cytokines. Our own findings confirm 
the ability of a significant minority of tumor cells to transcribe the genes encoding cell surface 
cytokine receptors. However, the lack of in vitro cellular proliferation to exogenously provided 
growth factors, together with the absence of endogenous production of cytokines suggests that 
even though possessing the ability to transcribe message for cytokine receptors, the malignant cell 
line studied here, derived from a variety histologic cell types, lack the cellular machinery 
necessary to respond to growth factors. This in turn suggests that in vivo therapeutic 
administration of cytokines in patients with solid tumors may entail no any additional risk of 
stimulating tumor regrowth. 
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Fig. 1. 


PCR amplification of genes encoding cytokine receptors. cDNA was prepared by 
reverse transcription of total cellular RNA derived from malignant cell lines. The 
product was used as template for 25 cycles of PCR amplification with cytokine 
receptor gene-specific primers (Tabled). PCR products were size fractionated on 
2% agarose gels, blotted onto nylon membranes and hybridized to internal 
oligonucleotide probes end-labelled with T4 polynucleotide kinase and gamma 
32 [P]-ATP. Molecular weights are indicated to the right. 
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PCR PRIMERS 


GM-CSFRa 

sense 

anti-sense 

5’-CTTCTCTCTGACCAGCA-3’ 

5’-ACATGGGTTCCTGAGTC-3’ 

GM-CSFRp 

sense 

anti-sense 

5’-TCACTCCACTCGCTCCAGAT-3’ 

s’-aatacatcgtctctgttcag-s’ 

1L-3R« 

sense 

5’-ATGTGACCGATATCGAGTGTG-3’ 

anti-sense 

5’-GATACCGAAGGCTGCGCTCCT-3* 

1L-6R 

sense 

5’-TCCACGACTCTGGAAACTAT-3’ 


anti-sense 

5’-ACTATGTAGAAAGAGCTGTC-3 

gpl30 

sense 

5’-ATTCCTAAGGAGCAATATAC-3’ 

anti-sense 

S’-TGGTCTATCTTCATAGGTGT^’ 

GM-CSF 

sense 

5’-TGGCCTGCAGCaTCTCTGCA-3’ 


anti-sense 

5’-GTGATA ATCTGGGTTGCACA-3’ 

1L-3 

sense 

anti-sense 

s’-agacaacgtccttgaagaca-s 1 

5’-CTCAAGGGTTTTCAGATAGA-3’ 

IL-6 

sense 

anti-sense 

5'=CAGGAGAAGATTCCAAAGAT-3’ 

5’-ACTGGTTCTGTGCCTGCAGC-3’ 

pactin 

sense 

anti-sense 

5'-GTGGGGCGCCCAGGCACCA-3’ 

5’-TCCTTAATGTCAAGAACGAT-3’ 


LENGTH OF AMPLIFICATION REFERENCE 

PRODUCT 

530 bp [3] 

316 bp [5] 

442 bp [4] 

306 bp [7] 

759 bp [9] 

322 bp [34} 

344 bp [35] 

459 bp [36] 

519 bp [37] 


INTERNAL OLIGONUCLEOTIDE PROBES 


T* HYBRIDIZATION REFERENCE 


GM-CSFRa 

GM-CSFRp 

IL-3R oc 

IL-6R 

gpl30 

GM-CSF 

1L-3 

1L-6 

pactin 


5’-TGTGACTCCTTCATGCAGAC-3’ 
5’-GTGTGGTCTATGTGTTCGTA-3’ 
5’-A AGAAATCCACGTCATGAAT-3’ 
5’-ATCCACAAACAACATTGCTG-3’ 
5’-G A ATAATCA ACAGTGCATGA-3’ 
5’-ATTTCTGaGATGACTTCTAC-3’ 

s’-ctcaagggttttcagataga-s’ 

5’-GTCTCCTCATTGAATCCAGA-3’ 

5’-AGGTCTCAAACATGATCTGG-3' 


55*C 

[3] 

55-C 

[5] 

50-C 

[4] 

50»C 

[7] 

50-C 

[9] 

55*C 

[34] 

55-C 

[35] 

55°C 

[36] 

50-C 

[37] 
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lAtJLJb 2 Detection of cytokine receptor gene transcription by PCR amplification of reverse- 
transcribed total RNA derived from human malignant cell lines. 
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TABLE 3 f-HJ-thymidine incorporation by selected malignant cell lines. 10&- cells/ml were 

cultured in 0, 20,100, 500 ng/ml of either human recombinant GM-CSF, IL-3 or 
IL-6. Incorporations shown represent mean cpm ± SEM of triplicate determinations 
following 6 days of culture. Concentrations of added growth f actors are indicated 
to the right. 


CELL LINE 

GM-CSF 

IL-3 

IL-6 


STO 

1,8551453 

1,238±83 

1,6891242 

1,498±104 

1,219119 

957127 

1,6561103 

1,2431101 

1,5151152 

1,319187 

1,7881194 

1,7931182 

0 ng/ml 

20 

100 

500 

DOZ 

95,929±1,181 

25,828±3,448 

69,05711,174 

106,90114,085 

97,55612,693 

43,34912,297 

95,91112,405 

99,24912,512 

113,5101764 

126,253+2,681 

118,35813,228 

146,272+2,000 

0 ng/ml 

20 

100 

500 

DES 

75,07012,044 

106,42113,056 

113,43314,797 

90,15513,565 

87,981113,540 

117,69812,338 

110,76211,483 

120,16615,908 

100,406+7,922 

138,62112,692 

107,408+2,203 

63,29418,425 

0 ng/ml 

20 

100 

500 

ADE 

5,4821466 

8,97811,374 

8,4821705 

6,6241407 

7,3971894 

9,1621104 

9,1091104 

7,4941176 

6,5761727 

9,652+1,419 

6,385+93 

9,1331555 

0 ng/ml 

20 

100 

500 

Hep-2 

16,7741431 

12,6591682 

13,1411108 

14,40011,309 

17,8881255 

16,2751463 

18,4571581 

19,96311,646 

18,089+3,225 

26,8121311 

29,7791352 

24,64311,186 

0 ng/ml 

20 

100 

500 

Detroit 

30,36811,221 

35,72011,225 

39,20316,238 

33,87615,782 

42,42818,135 

47,48715,722 

57,64516,118 

48,22112,274 

45,90414,589 

51,26811,538 

56,48417,263 

45,719+2,657 

0 ng/ml 

20 

100 

500 
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TABLE 4 


Detection of cytokine gene transcription by PCR amplification of reverse- 
transcribed total RNA derived from human malignant cel lines. 


GM-CSF IL-3 IL-6 

STO + 

DOZ - - + 

DES 

ADE + 

Fadu + 

Hep-2 - - + 

Detroit 562 + 

AZ382 + 

DU 145 - - + 

K.ATOIII 

CAKII + 

CAKIII - - + 

A498 + 
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ABSTRACT 

To assess the natural history of Human papillomavirus (HPV) infections in the lower female genital tract 
and their associations with intraepithelial neoplasia (CIN, VAIN, VIN) and genital squamous cell cancer, 
a long-term prospective follow-up study was started in October 1981. The project was the first of its 
kind, and still continues to be the largest (and oldest) ongoing prospective follow-up study in this 
field. The final number of women in the two Follow-up Groups A and B, is currently 530, including 
HPV-lesions with and without concomitant CIN (HPV-CIN, and HPV-NCIN lesions, respectively). The 
mean follow-up time of the whole series approaches 80 months by now. The recruitment of women 
into the third series, called the Treatment Group, currently comprising the same number (530) of 
patients as in Groups A & B, was discontinued in September, 1990, when the final size of the group 
! was reached. During the current project period (January-December 1992), the recruitment of the male 

sexual partners of the Treatment Group women into the Partner Group has been continued. The 
number of the male partners enrolled has recently exceeded 300. During the ongoing research 
period, the enrollment of a fifth series of patients was initiated, when small children and newborn 
babies born to mothers in the Follow-up and Treatment Groups are being recruited for clinical 
examination and sampling of their oral cavity and nasopharynx. The aim of this approach is to 
elucidate the possible non-sexual (i.e., vertical) transmission of HPV from the mother to her child 
and the biological significance of such an eventual transmission. The follow-up of the women 
included in the two Follow-up Groups (A & B) as well as in the Treatment Group has been continued 
as done for over 10 years by now, using colposcopy, PAP smears and/or punch biopsy. The latter 
r are examined by the techniques outlined in the Research Plan. These include histological assessment 

and grading as well as HPV typing by in situ hybridization and PCR. Cervical swabs were analysed for 
* isolation of Chlamydia trachomatis and HSV, and serum samples for viral (HSV, CMV) serology. During 

the ongoing period, plans were made to initiate collaboration with German Cancer Reserch Centre to 
accomplish the serological analyses of the serum samples (thousands collected in the freezer between 
1981-1992) for HPV type-specific antibody levels. The women in the Treatment Group are randomized 
according to four different treatment modalities; conization, laser therapy, cryotherapy, and interferon 
therapy. The HPV lesions of the male genitalia are examined by peniscopy, cytology, and biopsy 
\ ■ (including HPV DNA typing and gene amplification by PCR), and treated by laser, whenever 

considered appropriate. The systematic HPV typing of the biopsies was continued using the in situ 
DNA hybridization (ISH) technique as a routine procedure. At the meantime, developmental work has 
been continued with the variety of DNA techniques to refine these methods applicable in routine 
‘ laboratory praxis. As a result erf this approach, a series of six commercial tests has been introduced 

into the market, which enable the HPV typing in both the biopsies and cell smears. During the current 
j project period, biopsies have been tested for amplification of the cellular oncogenes (c-onc) by the 

ISH and PCR techniques. The role of p53 (a known antioncogene) has been assayed using immuno- 
histochemical staining in CIN lesions. As a new line of research, a series of samples has been 
analysed for mutations in p53 sequence by utilizing an automatic DNA sequencer. Binding of HPV E6 
| oncogen with p53 might have important implications in the malignant transformation by this virus. The 

' complete HLA-typing of 100 follow-up women has been finally completed, and the results were 

submitted for publication. In the statistical treatment of the vast amount of data accumulated during 
these 10 years, a definite progress was made with the development of statistical models used to 
iL predict the disease outcome more accurately than possible at the moment. As a major part of the 

statistical analysis, the data derived from a case-control design (i.e., follow-up women and age- 
t matched controls) were analysed to assess the factors increasing the risk for genital HPV infections. 

According to this analysis, the number of sexual partners during the past two years proved to be the 
single most important risk factor (RR >44 for women with 5 or more partners as compared to women 
with 1 partner only). The refinement of these data resulted in publication of yet another (MD) PhD 
j Thesis (Dr. V. Kataja) in December. During the latter half of the period, a new technique was studied 

> by Stina Syrjanen in DKFZ, Heidelberg (Prof, zur hausen); the organotypic culture (raft) of 

keratinocytes. This in vitro model will be established in our laboratory to be used in a number of 
f different experiments, including the treatment trials with antisense oligonucleotides for HPV 16 E6/E7 

L mRNA. 


tf.'ii 
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1.BRIEF SUMMARY 

To assess the natural history of Human papillomavirus (HPV) infections in the lower female genital 
tract and their associations with intraepithelial neoplasia (CIN, VAIN, VIN) and genital squamous cell 
cancer, a long-term prospective follow-up was started in October 1981. The project was the first of its 
kind, and still is the most extensive (and of longest duration) ongoing prospective follow-up study in 
this field. The final number of women in the two Follow-up Groups A and B, is currently 530, 
including HPV-lesions with and without concomitant CIN (HPV-CIN, and HPV-NCIN lesions, 
respectively). The mean follow-up time of the whole series has exceeded 75 months by now. The 
recruitment of women into the third series, called the Treatment Group, currently comprising the 
same number (530) of patients as in Groups A & B, has been continued until September, 1990, when 
r the final size of the group was reached. During the entire project period, the recruitment of the male 

sexual partners (of the Treatment Group women) into the Partner Group has been continued, their 
number currently reaching 265. The follow-up of the women included in the two Follow-up Groups A 
& B and in the Treatment Group was continued as done for 10 years by now, using colposcopy, PAP 
smears and/or punch biopsy. The latter are examined by the techniques outlined in the Research 
Plan (i.a, by light microscopy for HPV-induced changes and concomitant CIN, by 
immunohistochemistry for expression of HPV structural proteins, and immunocompetent cells using 
f monoclonal antibodies to define B cells, T cell subsets, NK, natural killer cells and Langerhans cells). 

Cervical swabs were analysed for isolation of Chlamydia trachomatis and HSV, and serum samples for 
j viral (HSV, CMV) serology. Blood samples have been also collected for analysis of T-cell subsets by 

flow cytometry (FACS). The patients in the Treatment Group were randomized according to four 
i- different treatment modalities; conization, laser therapy, cryotherapy, and interferon therapy with a 

- cream. The HPV lesions of the male genitalia were examined by colposcopy, cytology, and biopsy 

(including HPV DNA typing), and treated by laser, whenever appropriate. The systematic HPV typing 
j: of the biopsies was continued using the in situ DNA hybridization technigue as a routine procedure. 

■i. , 

At the meantime, developmental work is being continued with the in situ hybridization and PCR 
L (polymerase chain reaction) techniques, to refine these methods applicable in routine laboratory 

« diagnosis. The complete HLA-typing of 100 follow-up women started earlier was concluded. In the 

statistical treatment of the vast amount of data accumulated during these 10 years, a progress was 

fr Source: https://www.industrydocuments.ucsf.edu/docs/yzkm0000 
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made with the development of the Prognostic Index, which could be used to predict the disease 
outcome more accurately than possible at the moment Correlating the data obtained with the 
biological behaviour of the HPV lesions in these prospectively followed-up women, evidence on the 
factors regulating the clinical course of this increasingly common STD will be hopefully obtained. 
Tentative results are also available on immunohistochemical tests made to analyse the expression of 
a variety of HPV gene products (e.g., E6-encoded proteins) in the biopsies, using mono- and 
polyclonal antibodies generated against both synthetic peptides and fusion proteins. One of the future 
i aims is directed towards the utilization of these data and such reagents in the development of 

serological tests for HPV infections. As a major part of the statistical analysis, the data derived from 
ji a case-control design (i.e., follow-up women and age-matched controls) were analysed to assess the 

r factors increasing the risk for genital HPV infections. According to this analysis, the number of sexual 

‘ partners during the past two years proved to be the single most important risk factor (RR >44 for 

women with 5 or more partners as compared to women with 1 partner only). Apart from the attempts 
to establish the prognostic factors for genital HPV infections, it will be of equal importance to outline 
the factors subjecting the people to clinical HPV infections which should be regarded as potentially 
premalignant conditions with significantly increased risk for genital cancer. Pertinent to this issue is 
another line of reserch initiated only recently; the exploration of the possible non-sexual transmission 
of HPV from an infected mother to her newborn baby. For that purpose, the babies and small children 
of the women in the follow-up are being examined for their HPV status in oral cavity and nasopharynx, 
i by taking a swab to be analysed by PCR. 

L 2.STUDIES CONDUCTED DURING THE BUDGET PERIOD (JANUARY-DECEMBER 1992) 

f Prospective Follow-up 

During the budget period, the prospective follow-up of the women previously included in the series 
I has been continued according to the original plans. The recruitment of new patients into the two 

Follow-up Groups A and B, has been terminated by the end of 1985; the final size of the cohort now 
L being 530 women with HPV-infection (with or without concomitant CIN; HPV-CIN, and HPV-NCIN 

lesions, respectively). The mean follow-up time of the whole series approaches 80 months by now. 
During the ongoing period, a decision was made together with the clinical collaborators, that the 

fr Source: https://www.industrydocuments.ucsf.edu/docs/yzkmOOOO 
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follow-up of Groups A and B will be terminated during 1993-1994. This will be done as a highly 
organized manner by completing an end-point examination with extensive sampling and councelling 
for the future control of each individual woman. By that procedure and schedule, a mean follow-up 
time for the whole series becomes dose to 10 years, which will be enough to elucidate the natural 
history of genital HPV infections. 

Treatment 

Starting from 1985, the third series of women has been recruited for this prospective follow-up study. 
This series is designated as the Treatment Group, currently comprising 530 women with HPV-CIN 
lesions. These patients are randomized into four distinct groups, each being treated with different 
modalities; conization, C0 2 .laser vaporization, cryotherapy, and interferon treatment (topical 
administration as a cream). The dose post-treatment follow-up of these women will disclose the 
efficacy of the above therapeutic measures on the clinical course of HPV infections. Most importantly, 
however, the study design permits the direct comparison between the natural history of this disease 
(i.a, spontaneous regression rate) and the clinical cure achieved with the active treatment The follow¬ 
up of the Treatment Group women will be continued at least until the mean follow-up time will reach 
5 years, Le. until 1995-1996. 

Examination of Samples 

The women in an three series (A & B, Treatment Group) still attend the clinic at 6-month intervals, 
and on each attendance they am subjeded to colposcopy, accompanied either by a direded punch 
biopsy and/or PAP smears. These are examined, as previously indicated, for the presence of 
HPV-induced cytopathic changes, concomitant CIN, HPV DNA by in situ hybridization and gene 
amplification by PCR. The role of accompanying cervical infedions (possibly showing synergistic 
adions with HPV) is assessed by cervical swabs (for isolation of Chlamydia and HSV), and by serum 
samples for viral (HSV, CMV) serology. More recently, specific DNA probes and primers have become 
available which enable the dired detection of these agents in the biopsies or cellular swabs by ISH 
and PCR, respectively. In fact, our group has been involved in developing some of these tests into 
diagnostic use (see below). 


i 
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The fresh biopsy samples have been collected from all patients (at each attendance) and stored at - 
70°C for future analysis. So far, these have been used for Southern blot hybridization and for 
immunohistochemical staining of the immunocompetent cells (on frozen sections) within the local 
inflammatory infiltrate. Using monoclonal antibodies (McAb), the following cell types have been 
defined; B cells, T cell subsets, NK (natural killer) cells and Langerhans cells. These cells are currently 
being analysed also in the peripheral blood, using monoclonal antibodies and and flow cytometry by 
FACS. These data might aid elucidating some of the evidently complex immunological reactions 
involved in biology of HPV infections, recently accentuated by the attempts towards development of 
vaccines against papillomaviruses. 

Oral Cavity as HPV Reservoir 

During the ongoing research period. Dr. Jari Kellokoski, DDS, completed his PhD. Thesis which is the 
the first systematic approach to assess the biological significance of HPV infections in the oral cavity. 
The specific aims and results of the study were as follows: 1) To classify the morphological changes 
in the biopsies from buccal mucosa of women with genital HPV infection, and to evaluate file 
usefulness of oral scrapings, as well as morphological and histological criteria in assessing HPV 
infections in oral mucosa Results: By clinical Inspection, the HPV association of tiny lesions is 
difficult to predict On light microscopy, vacuolized cells were frequently encountered in clinically 
normal buccal mucosa. No correlation between vacuolized cells and koiloeytes to HPV DNA 
content could be established. 2) To analyse whether acetic acid staining can be applied on the 
specific diagnosis erf oral HPV infections, and to further elucidate the factors ralated to the acetowhite 
staining, iduding the smoking and drinking habits and cytokeratin patterns in the epithelium. Results: 
Acetic acid staining proved to be of no value in detection of HPV infection on oral mucosa. 
Instead, it was associated with smoking and seemed to be inversely age-dependent In the 
biopsies containing HPV DNA, cytokeratin no.19 staining was intensified in the basal layer. 3) To 
determine the sensitivity of diffemet hybridization methods in detection of HPV infection and to oral 
HPV infections in buccal mucosa in women with genital HPV infections. Results: Dot blot hybridization 
detected HPV DNA in 3.8% of the cases, while 21.8% proved to be positive with PCR. Dot blot 
positivity reflects only clinical and subclinical HPV infections. With Southern blot hybridization, 
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15.1% of biopsies taken from clinically normal buccal mucosa contained HPV DNA. 4) To assess 
HPV transmission by correlating the HPV types in the oral mucosa of the patients and those on the 
anogenital mucosa of their partners. Results: Only a single patient had the same HPV type both in 
the genital and oral mucosa. Preliminary data on the anogenital HPV types in the male partners 
showed that none of them had the same HPV type as their female partners In the mouth, which 
suggested that transmission of HPV by oral-genital sex was unlikely. 


i Non-Sexual Transmission of HPV 

The above studies raised several questions which are the subject of the present study as follows: 

I 1) To explore the non-sexual routes of HPV transmission by examining the oropharyngeal swabs of 

r newborn babies bom to mothers with clinical HPV infections of the uterine cervix. 2) To assess the 

1 clinical significance of such an eventual transmission of HPV (whether a true infection or a passenger) 

by sequential swabs of infants bom to mothers with clinical HPV infections of the cervix. 3) To analyse 
the clinical course of oral HPV infection in the infants. 4) To establish the prevalence of HPV infections 
(e.g. skin warts, oral HPV infections, whether latent, subclinical or clinical) in children bom to mothers 
with known genital HPV history. 5) To correlate the HPV types in children to those of their parents. 

V . 

i The subjects to be studied are volunteer children bom to women in the follow-up series since 1981. 

All children (appr. 250) are invited to attend the clinical examination for their oral HPV infections. The 

j examination includes a clinical inspection, collection of saliva as well as oral scrapings to be analysed 

* > 

by PCR to detect HPV sequences. All clinical lesions will be biopsied. If the child is HPV-positive, then 
the virus typing data will be correlated to the HPV status of the parents. HPV-positive children will be 
* followed-up for several years with regard to their oral mucosal lesions. The second study group 

consists of newborn babies (approx. 30) bom to mothers with clinical HPV infection of the cervix. As 
\ control groups, a series of babies (about 50) bom to healthy (i.e., non-HPV-infected) mothers, and 30 

i : 

babies delivered by cesarean section will be included in the study. From all babies, a nasopharyngeal 
L swap collected by suction immediately after delivery will be analysed by PCR to detect HPV DNA. All 

*- babies will be repeatedly analysed on the 4th day. The HPV DNA-positive babies will also be examined 
. at the age of 6 weeks, 6 months and one year. The infants will be followed by oral scrapings. Pap 
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smears will be taken from the mothers just before the delivery. This is the only study design, by which 
the eventual vertical transmission of HPV can be assessed, and the question whether HPV is a 
passenger or a true infective agent can be reliably answered. 

Male Sexual Partners 

1 The male sexual partners (Partner Group) of the women included in the Treatment Group are being 

recruited for examination, treatment and follow-up. Since the start of this recruitment in late 19%, the 
genital HPV lesions of >300 males have been examined by peniscopy (after acetic acid application), 
cytology, and biopsy including HPV DNA typing. Also the male HPV lesions are treated by laser, when¬ 
ever appropriate. According to the data elaborated by Dr. Hippeidinen, the role of peniscopy as an 
r important diagnostic tool in penile HPV lesions has been emphasized. It is important to realise, 

however, that peniscopy is not the conclusive diagnostic tool, because of its limited resolution, 
rendering it incapable of distinguishing between HPV and non-HPV lesions. 

From the epidemiological standpoint, the concordance of HPV types between the sexual couples has 
become of prime importance. This concordance of a) genital HPV lesions and b) viral types in HPV- 
infected women and their male sexual partners, was analysed by Dr. Hippeldinen in her series of 282 
women and their male partners examined by peniscopy and punch biopsy. Of the males, 199 (70.6%) 
showed histological evidence for HPV infection, 89.4% of which being flat lesions. HPV DNA was found 

j in 181 (38.0%) of the 476 biopsies examined by ISH, exophytic warts (26 cases) and PIN lesions (20 

\ - ' 

cases) being most frequently HPV DNA-positive (92.3% and 80%, respectively). HPV DNA was also 
i~ detected in 76 (31.3%) flat lesions histologically not equivocal HPV, i.e., in subclinical infections. Most 

i: importantly, of the 271 sexual couples subjected to HPV typing, both partners were ISH positive in 66 

(24.4%) cases, but only 15 (5.5%) couples had an identical HPV type in their genital tract The 
! implications of these findings remain to be elucidated in the future studies. 

5L One of the major aims of the partner study is to assess the effects of treatment given to the males 

« on the clinical course of HPV-infections in their female sexual partners (included in the prospective 

follow-up series). The elucidation of this issue will also have major relevance in the proper evaluation 
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op the treatment policy, and eventually might result in tremendous save of expenses, if the current 
hypothesis on the minor benefit achieved by the male treatment proves to be correct. 

Asymptomatic Males 

As a part of the male studies, a novel approach was made during the present study period, to 
i determine (i) the prevalence of and (ii) risk factors for genital HPV infections in healthy males. 

Voluntary Finnish Army conscripts were examined using peniscopy after acetic acid, surgical biopsy, 
cytology and PCR for detection of HPV DNA in brush cytology samples collected from the urethra and 
the penile epithelium. The HPV data were complemented with a questionnaire inquiring their sexual 
habits. A total of 1471 (99.6%) males filled the questionnaire, and 432 of them attended the clinical 
study. The group entered in the examination differed from the nonattenders in that they reported more 
' often genitourinary symptoms (p=0.000), had more sexual partners (p=0.002), and a previous history 

of sexually transmitted diseases (STDs) (p=0.000). Classical genital warts were present in 24 (5.6%) 
and papular lesions in 8 (1.9%) of the 432 men. Acetowhite epithelium was disclosed in 151/432 
j (35.0%) cases, of whom only 75/432 (17.4%) had obvious flat HPV lesions on peniscopy. Histological 

diagnosis of HPV infection was confirmed in 28 of the 42 (66.7%) biopsies taken from different types 
i of lesions. HPV DNA was disclosed by PCR in 16.5% (47/285) of the adequate cell samples. 

* Altogether, 26.2% (113/432) of the subjects were HPV-positive by at least one of the diagnostic 

methods, whereas only 6.5% (25/383) had a diagnostic peniscopic pattern and positive PCR. 
| Furthermore, HPV DNA was found in 7.1% of the men with normal epithelium. In the logistic regression 

analysis, occasional sexual partners, previous STDs and no use of condom proved to be of predictive 
«- value for current HPV infection. 

Prevalence and Incidence 

s The collection of the data on risk factors with suggested influence on transmission of the HPV 

t „ 

infections has been continued by the detailed questionnaire for the sexual and smoking habits of the 
L patients. Meantime, the annual mass-screening programme for cervical precancer lesions run by the 

Finnish Cancer Society Laboratory of Pathology in Kuopio has been utilized to define the prevalence 
of clinically manifest (i.e. detectable by PAP smear) genital HPV infections in unselected population of 

r Source: https://www.industrydocuments.ucsf.edu/docs/yzkmOOOO 
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25-60 year-old women. The prevalence figures of 1991 were elaborated in early 1992, and the 
declining trend in disease prevalence noticed since the top year 1987 (1.77%) seems to continue, i.e. 
the figures falling down to 0.77% in 1991. 

Risk Factors and Prognosis 

The life-table method and log-rank analysis by Peto were used to assess the differences in clinical 
course between the groups of HPV lesions classified according to different variables; histologic grade, 
PAP smear grade, HPV type, colposcopic pattern etc. The survival tables were produced and the 
survica! curves plotted with SPSS* computer programme utilizing the product-limit (Kaplan-Meier) 
method. Estimation of reproducibility in diagnostic histopathology is also possible by applying the 
kappa statistics. This statistics takes into account the contribution of chance agreements. The 
intraobserver reproducibility and variation have been calculated for assessment of the punch biopsies 
and PAP smears. 

The epidemiologist in our group, Dr. Vesa Kataja completed his doctoral Thesis in December. Im Ns 
work, the statistical techniques play a central role. The main purposes of his epidemiologic study were 
a) to establish the prevalence of cervical HPV infections in mass-screened Finnish female population 
aged 20-65 years, b) find out the incidence of the infection in a high-risk age group of 22-year old 
women, c) to elucidate the risk factors associated with clinical HPV infections, d) to assess the natural 
history of the disease during a long term prospective follow-up, and e) to establish prognostic factors 
predicting the disease outcome. The prevalence of cervical HPV infections was studied using cervical 
Pap smear in a conventional mass-screening in Kuopio County. The prevalence increased from 0.04% 
in 1981 to 1.76% in 1987, thereafter decreasing to 1.43% and 1.04% in two subsequent years. The 
prevalence varied significantly with age. The highest prevalence, 6.1%, was seen in the age group 20- 
29 years. In an extra mass-screening specially designed for a cohort of 22-year old women, the 
prevalence was studied in two successive years, 1985 and 1986. The prevalence in the first year was 
2.7% and in the second year 7.1%, resulting in a crude annual incidence of 7.0% in this age group. 
Based on these figures, 79% of the Finnish female population would contract at least one genital HPV 
infection between the ages 20-79. 


Source: https://www.industrydocuments.ucsf.edu/docs/yzkmOOOO 










10 


The strongest independent risk factor for clinical HPV infection proved to be the increasing number of 
sexual partners within the past two years. Current smoking, previous CIN, STD and condyloma 
acuminatum were other factors associated with an increased risk for HPV infection. Regular use of IUD 
and good personal hygiene practices were among the factors with protective effect on the infection. 
During the mean follow-up of 79.2 months, 63.8% of the genital HPV infections (in 530 women) have 
spontaneously regressed without any treatment Progression has occured in 13.8% of the cases. The 
strongest independent prognostic factors for progression were the high grade of CIN and HPV type 
16. The adjusted relative risks for CIN I, CIN II and CIN III were 1.6, 2.9, and 9.6, respectively. The 
study provides basic epidemiologic data on genital HPV infections, which are the most prevalent STD 
of today. These data are also essential in defining the strategies for the management of these women. 

Organotypic Culture as In Vitro Model 

A significant impediment of HPV study has been the lack of a ceil culture system that allows for 
expression of the complete viral life cycle. A cell culture system permissive for vegetative viral 
replication would be valuable not only to the understanding of PVs but also for the treatment and 
prevention of HPV-induced lesions. HPV life cycle has been shown to be coupled with the 
differentiation programme of keratinocytes, and a major obstacle to the propagation of HPV in vitro has 
been the inability to mimic the proliferation/differentiation cycles of HPV target tissue, the squamous 
epithelium. The organotypic culture system (raft) mimics the in vivo physiology of the epidermis by 
raising the cells to the air-liquid interface. This can be done either by the recombination of epidermal 
cells with dermal elements or through the use of a collagen matrix maintained on rigid support 
Growing keratinocytes in either erf these systems allows for a more complete differentiation programme 
to occur than is observed in monolayer. 

To date, a number erf modifications on the raft system exists. The basic technique used by most 
laboratories was introduced in 1984. In brief, fibroblasts are mixed with medium and collagen I at 0«C 
to 4«C and the placed into tissue culture dishes and incubated at 37*C until the solution solidifies. The 
collagen fibers and the fibroblasts form a lattice (plug) which is used as the dermal equivalent 
Epidermal cells are seeded on top of this dermal equivalent, allowed to attach and form a monolayer. 


Source: https://www.industrydocuments.ucsf.edu/docs/yzkmOOOO 
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The plug is then lifted on to a metal grid, and fed so that the media comes only in contact with the 
bottom of the grid, maintaining the epidermal cells at the air-liquid interface. During the period of two 
to three weeks, the epidermal cells stratify and differentiate. The collagen plugs are then removed from 
the metal grids and prepared by standard techniques for histological examination. 

I The raft model has recently gained wide applications in HPV research. The utility of this system in our 

project was recognized recently, and facilities were offered to learn the technique in Prof, zur Hausen’s 
j laboratory in German Cancer Research Center, Heidelberg. A two-week visit there was done in early 

December by Dr. Stina Syrjanen, who is currently establishing the system in our laboratory. 

? Antisense Oligonucleotides in Experimental Therapy 

Recent studies have focused on the ability of oligonucleotides to affect the genetic processes on 
many organisms, incuding viruses. Hence, oligonucleotides may represent a future source of 
biotechnologically derived compounds of therapeutic importance for several diseases such as cancer 
and viral infections. The viruses function through the transfer of genetic information from DNA to 
mRNA, and further to proteins. In case of retroviruses, the information originates from the viral RNA. 
L These genetic processes can be intervented using oligonucleotides. The most widely used approach 

r to interrupt the flow of genetic information is to use oligonucleotides as inhibitors of translation, with 

the complementary or ‘antisense" base sequence targeted to a specific ‘sense* sequence in the 

l: 

J mRNA. Thus, expression of specific proteins can be regulated or inhibited. The preferred target for 

r this antisense inhibition is the 5’-initiation codon. In general, an oligonucleotide of 15-20 bases is used 

*■- for the antisense inhibition. The in vitro applications being successful so far include inhibition of 

* expression of several oncogenes (c-myc, N-myc, mybj and HIV. 

f We have recently started a novel approach, where the ability of antisense oligonucleotides to inhibit 

t . 

the expression of HPV 16 and HPV 18 oncoproteins E6 and E7 18 is assessed in vitro. We have 
L selected several antisense oligonucleotides to interact with target the mRNA of HPV 16 and HPV 18 

f in CaSki and HeLa cells, respectively. These oligos are automatically sulphurated (phosphorothiolate 

linkages) during the synthesis. The phosphorothiolate linkage makes the antisense oligos more 

f Source: https://www.industrydocuments.ucsf.edu/docs/yzkmOOOO 
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resistent to nuclease degradation. We are using cationic lipids that form liposomes to facilitate the 
functional delivery of oligos into cells. Both the quantity of DNA and concentration of lipid required for 
optimal signals are being tested. According to our preliminary results, optimal conditions depend on 
the cell types used and differences exist in the reaction conditions between CaSki and HeLa cell lines. 
The interaction of liposomes with the DNA and the delivery of the antisense oligonucleotides into the 
cell are controlled by confocal laser scanning microscope (CLSM) by labelling the liposomes with 
rhodamin and the oligos with FITC. The effect of inhibition is assessed by analysing the expression 
levels of E6 and E7 mRNAs by Nothem blotting and quantitative RNA PCR. Extensive in vitro testing 
is a prerequisite for in vivo applications to HPV-infected patients. 

Role of Anti-Oncooenes p53 and RB 

The best known genes of this group are the retinoblastoma susceptibility gene (RB) and p53 gene. 
Both the RB protein and the p53 protein are interesting in that they are able of forming stable 
complexes with transforming proteins of several DNA tumor viruses. This would indicate the possibility 
that cellular tumor suppressor gene products may be inactivated by binding to viral oncoproteins. It 
has been shown that the E7 protein of HPV also has the ability of binding the RB protein and that the 
E7 protein shows sequences homologies to parts of the adenovirus EIA protein and the SV40 large 
T antigen involved in RB binding. Although the E7 protein of all HPVs can bind to RB, the E7 protein 
of HPV types associated with carcinomas, e.g. HPV 16 and 18, shows a higher affinity than the E7 
gene product of HPV types found in benign lesions. It has also been demonstrated recently that HPV 
16 E6 protein binds p53 tumor suppressor gene product, which usually acts as a negative regulator 
of cell proliferation. 

The expression of tumor suppressor genes is changed in several tumors due to genetic alterations like 
deletions and mutations. In tumors the expression of mutant p53 is frequently increased when 
compared to wild-type p53 in normal cells. Due to the longer half-time of p53 expression as detected 
by immunohistochemistry is usually interpreted as the expression of mutant p53, not as the wild-type 
p53 expression present in cell cycle G 0 -Gj phase in proliferating cells. HPV 16 and 18 E6 protein 
binding to wild-type p53 has been found to enhance the degratation of the product by the ubiquitin- 
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dependent protease pathway. The potency to form a complex with p53 diverges from a HPV-type to 
another. While the E6 proteins from HPV 16 and 18 bind to p53, the E6 proteins from HPV 6 and 11 
serotypes fail to detectably bind with p53. This is of some interest because HPV 16 and 18 have been 
mostly found in cancers, therefore were called as ’high-risk’ HPV types; while HPV 6 or 11 are most 
frequently associated benign condylomatous lesions. 

Functional inactivation of wild-type p53, caused by either genomic mutations or neutralization by the 
transforming proteins from several tumor viruses, is currently regarded as an important molecular 
pathway for the pathogenesis of human malignancies. Theoretically, if HPV infections do play an 
etiological role in the pathogenesis of anogenital carcinomas, then one can easily estimate that cervical 
carcinomas associated with HPV should contain only a wild-type p53 gene (which would be neutralized 
and inactivated by binding to E6 protein), whereas cervical carcinomas without HPV would have 
mutant p53 genes (i.e. mutational inactivation of wild-type p53). This is indeed the case. Preliminary 
studies of cervical carcinomas and carcinoma derived cell lines have revealed point mutations within 
the p53 sequences only in HPV negative tumors. Thus, it seems that the inactivation of tumor 
suppressor genes may be a common mechanism for the transformation of cells shared by several 
DNA tumor viruses, including HPVs. 

In our project, we have started to investigate the expression and mutations of p53 gene in dysplastic 
lesions and carcinomas immunohistochemically using PAb1801 antibody, which recognizes both the 
wild-type and mutant p53, as well as by p53 DNA sequencing with PCR amplification. Presence of HPV 
infection in these lesions will be demonstrated by PCR using HPV concensus (Manos et al 1990) and 
HPV 16 and HPV 18 type-specific primers. Amplified DNAs from PCR using concensus primers are 
blotted from agarose-gel onto filter and hybridized with biotinylated HPV-probe in low stringency to 
confirm the presence of HPV-DNA. Meanwhile, selected p53 DNA sequences in the lesions will be 
amplified by using specific primers chosen from the exon 5-9 (which are known as the most frequent 
area of point mutations) of the p53 genes. The amplified PCR products will be cloned into plasmid and 
subsequently sequenced using the chain-termination method, and the DNA sequences are determined 
by the automated DNA sequencer which is available at the Department of Biochemistry & 
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Biotechnology. Expression level and gene sequence data of p53 will be compared with the presence 
of HPV-DNA. Similar techniques are being used to assess the role of RB gene expression and 
mutation. It will be of utmost interest to evaluate whether the detection or changes in these two anti¬ 
oncogenes are of any prognostic value in genital HPV lesions. 

Development of Diagnostic DNA Tests 

During the ongoing budget period, critical evaluations have been continued on the sensitivity and 
applicability in clinical use of the different DNA-hybridization techniques; Dot blot, Southern blot, in situ, 
as well as the role of PCR in diagnosis of HPV. These techniques have been extensively used in 
detecting and typing of HPV DNA in the clinical samples so far. To supplement the diagnostic pattern 
previously including the HPV DNA probes for HPV type 6, 11, 16 and 18, additional probes of HPV 
types have been acquired. At the moment, the DNA probes of all known HPV types are at our 
disposal. A systematic analysis (using ISH with seven different probes, HPV 6,11,16,18,31,33,42) of 
all the biopsies collected since 1981 was started in 1986. This technique is currently used in our 
laboratory as a routine method of typing the biopsies derived from the above four series of patients, 
and data are available of more than 4.000 biopsies by now. 

As a part of our research programme, continuous developmental work has been done (as a joint effort 
with a Finnish biotechnology company, BIOHIT) for several years by now. A major goal of this joint 
venture has been to develop the laborous and complicated DNA hybridization techniques more 
applicable to routine pathology laboratory. During the year 1990, this line of research led into the 
first commercial products, when an in situ hybridization kit based on biotin-labelled whole genome HPV 
DNA probes was introduced to the international market (BioHit 11 , HPV in Situ Typing Kit). This has 
subsequently led into the entire family of related products, including a sampling kit, a screening kit, as 
well as a selection of HPV-positive sample slides. This collaboration has been progressing also during 
this year, when the previously introduced kits for EBV (BioHit R EBV in situ Test Kit), and the first non- 
radioactive dot blot test to screen and type HPV infections (BioHit H HPV dot blot Screening Test and - 
Typing Test) were further improved. A new set of diagnostic tests is to be expected in the near future. 
These ’second generation' HPV diagnostic reagents will be based on the use of synthetic 


Source: https://www.industrydocuments.ucsf.edu/docs/yzkmOOOO 


EC8TSZCZ0Z 




15 


oligonucleotide probes. The generation of such reagents in our laboratory became possible in June 
1990, when a DNA synthesizer (Gene Assembler Plus, Pharmacia) was obtained in the premises. The 
technique to prepare the biotin-labelled oligonucleotide probes ready for ISH was recently developed 
in our laboratory (S.Syrjanen et al., J.Med.Virol. 1990). 

Role of PCR 

The gene amplification by PCR technique was introduced to our laboratory in early 1989, when the 
appropriate automatic PCR machine was acquired (Perkin Elmer Cetus, Thermal Cycler). PCR is 
currently recognized as the most sensitive technique of all, capable of disclosing less than a single 
! copy of HPV DNA per cell. At the same time, however, there is a significant risk of false positive results 

r due to DNA contamination (from a variety of sources). The successful application of the PCR technique 

also critically depends on the selection of correct primers. Because of the fact that most groups have 
used the primers designed by their own, considerable variation and discrepant results have been 
published of the detection rate of HPV by different laboratories. Accordingly, HPV DNA has been 
reported in from 2-3% to >80% of genital biopsies derived from ’normal epithelium'. According to our 
own experience, some 30% of the biopsies derived from the lower genital tract mucosa of the women 
with a normal recent PAP smear were shown to contain HPV DNA when subjected to PCR analysis 
(for HPV 6,11,16 and 18). Results in line with these have been also obtained while analysing the 
genital biopsies of males, where the HPV DNA detection rate by using PCR remains close to 30% even 
I if their sexual partners have established HPV lesions. Beyond any doubt, then, much of the recent 

PCR data must be basically incorrect. Thus, it is dear that a substantial amount of standardization 
t - work in the technical aspects of the PCR method is necessary before the elucidation of its role in HPV 

8 diagnosis is possible. Such a work is continuously being done in our laboratory as well. As a recent 

progress in this field, an approach was developed in our laboratory, by which an accurate quantitation 

-> 

i of the PCR amplification is possible. 

■# , 

L Current Concepts and Future Outlook 

< A number of original reports, review articles and book chapters based on the results of the ongoing 

project have been published during the budget period (See the List of Reports). The results have also 
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been presented in a number of international scientific congresses, as well as by giving invited guest 
lectures in a number of meetings abroad. Along with the extension of the prospective follow-up, our 
preliminary observations have been further confirmed suggesting that a certain proportion (about 15%) 
of the clinically manifest genital HPV infections, if left untreated, are capable of making definite 
progression, eventually into carcinoma in situ (CIS). These lesions thus present with the natural history 
identical with that of CIN lesions as established by well controlled prospective follow-up studies long 
before the association with HPV was recognized. 

On the basis of the current understanding of the epidemiology of HPV infections, it would be of 
paramount clinical significance to establish the means to accurately predict the clinical course of HPV 
infections. Such a prediction should include the recognition of high risk lesions (i.e., those likely to 
make a rapid progression) from the low risk lesions liable to undergo a spontaneous regression 
without any treatment. To accomplish this, an extensive prospective study is mandatory. Our 
programme has provided some important data on this issue as well. During the 11-year follow-up 
(1981-1992), it has become apparent that the natural history of genital HPV-infections can be predicted 
(to certain extent) by the grade of the primary lesion at diagnosis. Accordingly, HPV lesions without 
CIN are more likely to regress sponatenously than those with CIN (HPV-CIN lesions). The latter, in turn, 
possess a high risk for progression as analysed by the life-table method. Along with the extension of 
the follow-up period, the dramatic difference originally suggested in the clinical behavior between the 
lesions infected by the low risk (HPV 6 and 11) and high risk (HPV 16,18,31,33 eta) types has turned 
out to be less dramatic, albeit the highest risk for clinical progression seems to be associated with 
HPV 16 infections. In fact, the risk of progression for HPV 16 lesions seems to be more than 5-fold as 
compared with that of HPV 6- or HPV DNA-negative lesions. HPV type, on the other hand, could not 
be used to accurately predict the lesions with eventual spontaneous regression, albeit the regression 
rate of HPV 16 lesions seems to be very low indeed. At present, too little date are availabe on the 
biological behavior of the infections by the more recently described HPV Types 31, 33, 35, 39 and 42, 
and of the 50- and 60-series, some of which have been shown to be associated with the high grade 
CIN lesions and cervical cancer. To fully elucidate the prognostication of HPV Infections, more data 
are needed about the factors involved in regulation of the viral life cycle within the host cells, 
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including the growth factors, their receptors, as well as the complex interplay between the 
divergent hormonal factors, oncogenes, anti-ongcogenes etc. Once again, the full understanding 
of these mechanisms necessitates a long-term prospective study with extensive patient material 
Such a set-up is available in Kuopio, where hopefully this follow-up project can be continued for a 
number of years ahead. 

3.RESEARCH INVOLVING HUMAN SUBJECTS 

The study protocols performed in the past year for human subjects in Group A and B have been 
explained in detail in the grant application. Because these protocols have remained the same, they 
will be explained only shortly in this context. As detailed for the subjects in Group A and B, the 
HPV-positive PAP smear is the single and only criteria of their inclusion in the study. The same is true 
with the recruitment of the women into the Treatment Group. Only the women presented with 
unequivocally HPV-positive smears containing changes consistent with CIN are invited in the Treatment 
Group. This practice is in full agreement with the general policy in Finland, according to which all 
women with cytological changes suggesting CIN should be referred to a colposcopic examination, 
independent of whether HPV infection is present or not 

The recruitment of the subjects into the three study groups was accomplished by an invitation letter, 
mailed along with the pathologist’s report of the PAP smear. Thus, it is completely up to the patient 
to decide if she wants to enter the study and also to terminate the follow-up at any stage of the study. 
The detailed characterization of the specimens as well as the means of obtaining them have been 
given in the grant application, and these procedures in the Treatment Group do not differ in any way 
from those of Group A and B. Thus, the collection of the research and diagnostic material in the 
present study is accomplished by utilizing well established techniques in worldwide diagnostic use to 
monitor the genital infections and precancerous lesions. 

The treatment modalities instituted to the women in the Treatment Group only include the established 
treatment techniques; conization, C0 2 -laser vaporization therapy, cryotherapy, as well as interferon (as 
a topical cream or s.c.injections), the efficacy of which is currently being explored in many laboratories. 
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As in any diagnostic and therapeutic clinical work, certain minor risks exist, which are unpredictable. 
During the 10-year existence of this project, however, no major complications have developed in any 
of the patients. It is completely clear, then, that the patients in the present three series are not 
subjected to any risk major than due to the diagnostic procedures used (colposcopy, PAP smear, 
punch biopsy, cervical swab, serum sampling, interview anonymously by a questionnaire), as well as 
due to the therapeutic procedures (conization, laser, cryo, and interferon). No alternative procedures 
are available to conduct an adequate prospective follow-up of genital HPV lesions (either non-treated 
or treated) other than those used in the present study, and repeated at intervals regarded safe to 
ensure that none of the HPV lesions will escape an early detection and proper treatment, whenever 
making progress. 

The above diagnostic and therapeutic protocols also apply to the male sexual partners included in the 
Partner Group. This is also true with their continuous monitoring by the gynecologists responsible 
for their examination in the Outpatient Department of Gynecology and Obstetrics, Kuopio University 
Hospital. The above diagnostic protocols apply equally to the newborn babies and children enrolled 
for oral examinations since June 1992, after being accepted by the Ethical Committe of Kuopio 
University. 

As previously emphasized, the risks to which the present patients are subjected are limited to those 
due to the application of the commonly accepted diagnostic and therapeutic procedures. The 
anticipated benefit of the patients while included in this most carefully controlled prospective follow-up 
study significantly exeeds the neglible risks to be expected from the use of colposcopy, PAP smears, 
punch biopsies, cervical swabs and serum sampling as well as conization, laser, cryo or interferon 
cream treatment This benefit will be even accentuated, when the follow-up results are compared with 
the clinical outcome of the HPV lesions in non-controlled or even in mass-screened female population, 
subjected to PAP smears irregularly or at 5-year intervals, respectively. This is self-evident also for the 
males, now being examined and treated, but who, outside this study usually present with subclinical 
lesions indiscernible without colposcopy, and as such form a potential reservoir of HPV infections to 
be transmitted to their sexual partners. 
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4.PROJECT BUDGET, January - December 1992 


Items 

Costs (FIM) 

Technical Assistants (Full time, 2 x 12 months): 

Mrs. Helena Kemildinen (1.1.-31.12.92) 

Mrs. Kaarina Hoffren (1.1.-31.12.92) 

275.000,- 

Computer Operator. (Full time, 1 x 12 months): 

Ms. Paula Lipponen (1.1.-31.12.92) 

125.000.- 

Material costs: 

Laboratory chemicals, reagents, isotopes, 

immunohistochemical kits, DNA reagents etc. 

318.350.- 

Printina costs: 

Reprints, page charges, colour prints 

22.500.- 

Conaress costs: 

Travel expenses, congress fees, 

accomodation 

10.500,- 

Total Costs 

(USD 80.000,- + USD 95.000,-) 

751.350.- (FIM) 

175.000.- (USD) 
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4.REPORTS PUBUSHED DURING THE BUDGET PERIOD (JANUARY-DECEMBER 1992) 
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and c-myc oncogene in oral Burkitfs lymphomas. Scand. J. Dental. Res. 100, 176-180, 1992. 

2. Yliskoski, M., Saarikoski, S. and Syrjanen, K. Conization for CIN associated with Human papilloma¬ 
virus infection. Arch. Gynecol. Obstet. 249, 59-65, 1991. 

3. Yliskoski, M., Tervahauta, A., Saarikoski, S., Mantyjdrvi, R. and Syrjanen, K. Clinical course of cervical 
Human papillomavirus lesions in relation to coexistent cervical infections. Sex. Transm. Dis. 19, 137- 
139, 1992. 

4. Kataja, V., Syrjanen, K., Syrjanen, S., Mdntyjarvi, R., Yliskoski, M., Saarikoski, S. and Salonen, J.T. 
Prognostic factors in cervical human papillomavirus (HPV) infections. Sex. Transm. Dis. 19, 154-160, 
1992. 

S.Syrjanen, S., Andersson, B., Juntunen, L, Syrjanen, K.J. Polymerase chain reaction for producing 
biotinylated Human papillomavirus DNA probes for in situ hybridization. Sex. Transm. Dis. 19, 140- 
145, 1992. 

6.Kellokoski, J., Syrjanen, S., Yliskoski, M. and Syrjanen, K. Dot blot hybridization in detection of human 
papillomavirus (HPV) infections in the oral cavity of women with genital HPV infections. Oral Microbiol 
Immunol. 7, 19-23, 1992. 

7.Syrjanen, K. Human papillomavirus infection of the female genital tract Editorial. Cytopathol. 2, 225- 
227, 1991. 

8.Syijanen, K.J. Genital human papilloma virus infections in HIV-infected males and females. In: Melica 
F (ed). AIDS and Human Reproduction, Karger, Basel, pp. 74-83, 1992. 

9. Kataja, V., Syrjdnen, S., Yliskoski, M., Hippeldinen M., Vdyrynen, M., Saarikoski, S., Mantyjdrvi, R., 
Jokela, V., Salonen, JT, and Syrians, K. Risk factors associated with cervical human papillomavirus 
(HPV) infections: A case-control study. Am. J. Epidemiol. Submitted and Revised. 

10. Yliskoski, M., Saarikoski, S., Syrjanen, S. and Syrjanen, K. Cryotherapy, C0 2 -laser vaporization and 
conization in the treatment of cervical human papillomavirus (HPV) infections of known viral types. 
Obstet. Gynecol. Submitted. 

II. Syrjanen, K.J. Histology of genital papillomavirus infection. Proceedings of the 7th World Concress 
of Cervical Pathology and Colposcopy, Rome, May 13-17, 1990. In press. 

12.Tuppurainen, K., Raninen, A., Kosunen, O., Kankkunen, J-P., Kellokoski, J., Syrjanen, S., Mdntyjarvi, 
M. and Syrjanen, K. Squamous cell carcinoma of the conjunctiva Failure to demonstrate HPV DNA by 
in situ hybridization and polymerase chain reaction. Acta Ophthalmol. 70, 248-254, 1992. 

13.Syijdnen, S„ Kellokoski, J., Tervahauta, A., Kallio, P., and Syrjanen, K. Effect of section thickness 
on the sensitivity of in situ hybridization. Submitted. 

14. Tervahauta A., Syrjanen, SM., Kallio, PJ. and Syrjanen, KJ. Immunohistochemistry, in situ 
hybridization and polymerase chain reaction (PCR) in detecting c-myc expression in human 
malignancies. Anticancer. Res. 12, 1005-1011, 1992. 

15. Tosi, P., Cintorino, M., Santopietro, R., Lio, R., Barbini, P., Ji, H., Chang, F., Kataja, V., Syrjanen, 
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In any representation nf the primary pathways responsible for the processing of sensory 
stimuli or motor inputs, it is notable that monoaminergic (noradrenergic, serotonergic, 
dopaminergic) neurons do not appear to be involved. The anatomical divergence of these 
latter neurons suggests thut their networks are superimposed on those conveying sensory or 
motor signals. We have found some evidence that monoaminergic neurons, especially 
dopaminergic ones, favor the functional role of one or another cerebral structure, depending 
on the behavioural and external situations the animal is exposed to. These results seem 
important since dopaminergic neurons ore extremely sensitive to most of the pharmacological 
products which induce addiction. 

Amphetamine and cocaine increase tire quantities of dopamine in the synaptic cleft 
Moreover, dopaminergic neurons which innervate conical and subcortical structures possess 
nicotinic receptors and arc regulated by small intemeurons which bear p-opioid receptors. We 
have shown that repeated exposure to morphine increases the activity of dopaminergic 
neurons innervating subcortical structures. At the opposite, animals repeatedly exposed to 
nicotine demonstrate on activation of dopaminergic neurons innervating cortical stmetures, 
whereas dopaminergic neurons innervating subcortical structures remain unaffected. 

Given that drug abuse necessarily involves repeated exposure to the drug and that such 
exposure to the nicotine was found to reduce its stimulatory effect on subcortical neurons, 
these results suggest that nicotine differs importantly from other abused drugs such as opiates 
and psychomotor stimulants. These latter are indeed generally accepted to achieve their 
rewarding properties through the activation of subcortical dopaminergic neurons. 

Our data indicate dial, in addition to subcortical structures such as the nucleus uccumbens, 
prefrontal cortex may be a site involved in drug reward. Since dopaminergic neurons 
innervating cortical structures play a major role in cognitive processes, it can be proposed, 
therefore, that the activation of these neurons by nicotine represents the physiological basis of 
tobacco smoking's facilitatory effects on learning and increased attention. Such effects may 
be an important basis for die pursuit of nicotine. 
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Using specific antibodies and cDNA probes, we have inves¬ 
tigated, in rat basal ganglia, the distribution and the regu¬ 
lation of the expression of the a subunits of G.and G*„ two 
GTP-binding proteins (G-proteins) that stimulate adenylyl 
cyclase. We confirmed that Claris highly expressed in cau- 
date-putamen, nucleus accumbens, and olfactory tubercle, 
whereas G.a is less abundant in these areas than in the 
other brain regions, fntrastriatal injections of quinolinic acid 
decreased dramatically the levels of G,*<r protein in the stria¬ 
tum and the substantia nigra, and those of G^a mRNA in the 
striatum. Retrograde lesions of striatonigral neurons with 
volkensin reduced markedly the levels of D, dopamine (DA) 
binding sites, as well as those of G^a protein and mRNA in 
the striatum, without altering D, binding sites. In contrast, 
both types of lesions increased the levels of G.a protein in 
the striatum and substantia nigra. Immunocytochemistry 
showed the presence of G+,a protein in striatal medium¬ 
sized neurons and in several other neuronal populations. 
These results demonstrate that striatonigral neurons contain 
high levels of G^a and little, if any, G.<*, suggesting that the 
coupling of D, receptor to adenylyl cyclase is provided by 
GThe levels of G^a were five- to sixfold higher in the 
striatum than in the substantia nigra, indicating a preferential 
localization of G^a in the somatodendritic region of stria¬ 
tonigral neurons and providing a basis for the low efficiency 
of D, receptor coupling in the substantia nigra. Six weeks 
after 6^hydroxydopamine lesions of DA neurons, an increase 
in G~oc proteins was observed in 


the striatum. This increase in G^a levels may account for 
^l[ the DA-activated adenylyl cyclase supersensitivity, without 
' *■ change in D, receptors density, that follows destruction of 
DA neurons. Fine regulation of the levels of G^a in physi¬ 
ological or pathological situations may be a critical param¬ 
eter for the efficiency of DA neurotransmission. 

^ (foey words: G-protein t G^a, G/x, 0, receptor, striatum, 
.] s'—^substantia nigra, basal ganglia, dopamine, signal transduc- 
^ tion, adenylyl cyclase, re ceptor supersensitivityj ) 

Receptors with seven putative transmembrane domains are 
known to stimulate adenylyl cyclase via two homologous het- 
crotrimcric G-protcins, G, and G„,-. composed of a, 0 , and 7 
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subunits and differing by their a subunits (Simon ci 1991). 

Whereas G t is found in numerous cell types (Gilman^ 1987), 

G^r is thought to mediate specifically the stimulation of type III 
adenylyl cyclase by odorant signal receptors in the olfactory 
neuroepithelium (Jones and Reed, 1989; Bakalyar and Reed, 

1990; Menco et aL, 1992). However, the recent demonstration 
of the presence of G^cr mRNA in rat basal ganglia (Drinnan et 
aL, 1991) suggests its possible involvement in the signal trans¬ 
duction cascade initiated by neurotransmitter-triggered recep¬ 
tors. One of the aims of the present study was to substantiate 
this possibility by studying the localization of G^a in striato¬ 
nigral neurons, which express high levels of dopamine (DA) D, 
receptors (Gerfen el aL, 1990; Harrison et aL, 1990; Le Moine 
et aL, 1991; Sibley and Monsma, 1992) . O v<. 

Several lines of evidence suggest that the coupling efficiency 
of D, receptors with adenylyl cyclase could be a factor regulating 
the function of these receptors. In rat striatum, experiments with , ^ 
an irreversible D, blocker, A r -ethoxycarbonyl-2-ethoxy-l,2-di- 
hydroquinolin?]^iave shown that 40% of D, receptors are “spare” 
receptors, not coupled to adenylyl cyclase, and have suggested 
that coupling could represent a limiting step in the D, receptor- 
dependent activation of adenylyl cyclase (Hess et aL, 1987). 
Accordingly, long-lasting interruption of DA neurotransmission 
may increase the coupling efficiency of D t receptors in the stria¬ 
tum, since lesions of nigrostriatal DA neurons or chronic treat¬ 
ment with reserpine increases DA-stimulated adenylyl cyclase 
without changing the D, receptor density (Savasta et aL, 1988; 

Herve et aL, 1989; Missale et aL, 1989; Cowbum ct al., 1991). 

The comparison of D, receptor densities and DA-sensitive ad* 
enylyl cyclase activities in several cerebral regions suggests also 
the existence of a regional variability in the coupling efficiency 
between these two proteins (Andersen et aL, 1990). For instance, 
the DA-stimulated adenylyl cyclase activity is sevenfold higher 
in the striatum than in the substantia nigra, whereas the density 
of D, receptors labeled by *H-SCH23390 is similar in both 
structures (Herve et aL, 1992): Moreover, the density of D, 
receptors in high-affinity state for agonists, which is thought to 
correspond to the form associated with the G-protein (DeLean 
et aL, 1980; Leff and Creese, 1985), is much lower in the sub¬ 
stantia nigra than in the striatum (Herve ct aL, 1992). These 
observations could be explained by variations in the levels of 
stimulatory G-proteins, which would be lower in the substantia 
nigra than in the striatum, and which would increase following 
long-lasting interruption of DA ncurotransmission. In the pres¬ 
ent study, using cDNA and antibody probes specific for G,a 
and G^or. wc demonstrate that G^ is enriched in striatonigral 
neurons, contrasting with G,®, which docs not seem to be ex¬ 
pressed in these neurons. Wc also show that G ttlf a levels arc 
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L'€tude de la toxicomanie repr6sente l’occasion d'6tablir la base physiologique d’un 
compoitement complexe conespondant k une r6alit£ clinique. Plusieurs aspects de la conduite 
toxicomaniaque peuvent en effet, contrairement k d'autres troubles neuropsychiques tels que 
les d6sordres affecdfs et psychotiques, etre reproduits chez l'animal de laboratoire. 

L'expos6 de l'effet sur le cerveau des difterents produits qui conduisent & une addiction passe 
par la comprehension du fonctionnement du neurone, et plus particuliferement du role d'un 
certain nombre de molecules, dites neurom€diateurs, qui jouent un role fundamental dans la 
transmission des flux ioniques dans les rdseaux de neurones. 

Le r€seau de neurones qui constitue le syst&me nerveux peut etre assimil6 k un reseau de 
communication extremement complexe. Certaines informations sont stockdes, d'autres 
provoquent des communications en retour, d'autres enfin, transmises aux diff&ents points de 
l'organisme, commandent le fonctionnement des muscles et des organes. 

Le neurone et son neuromediateur 

Le neurone est la cellule nerveuse. D se compose d'un corps cellulaire qui se prolonge de deux 
cot6s : d'une part, il envoie des filaments dits dendrites, qui trouvent le contact d’autres 
neurones et captent des impulsions de nature dectrochimique transmises par ces neurones; 
d'autrepart, il poss&de un long filament die axone auquel le corps cellulaire transmet des 
impulsions. Ces impulsions, appelees potentiels d'action, parcourent 1'axone et trouvent k son 
extr£mit£ les dendrites d'autres neurones. L’arriv£e du potentiel d’action k l'extremite de 
1'axone entraine la liberation d'une molecule appeiee neuromediateur, qui se lie aux dendrites 
du neurone recepteur. Ainsi le neurone est un organe capable de recevoir des "informations" 
captees par ses dendrites, de les integrer et de transmettre, par son axone, une "information" 
resultante aux dendrites d'autres neurones. 
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specific "ros like" gene. 

. J. Neurosci. Res. 22, 241-246 (1989) 

724 MALLAT, M., HOULGATE, R. , BRACHET, P. (■ PROCHIANTZ, A. : 
Lipopolysacharide-sr.imulated rat brain macrophages release 
NGF in vitro. 

. Dev. Biol. 133* 309-311 (1989) 

725 TORRENS, Y ., DAGUET DE MONTETY, M.C., EL ETR, M., BEAUJOUAN, 
J.C. & GLOWINSKI, J. : 

Tachykinin receptors ot the NK1 type (substance P) coupled 
positively to phospholipase C on cortical actrocytes from 
the newborn mouse in primary culture. 

J. Neurochem. 52, n* R, 1913-1918 (1989) 

726 DESBAN, M., GAUCHY, C., KEMEL, M.L., BESSON, H.O. 4 
GLOWINSKI, J.: 

Three-dimensional organization of the striosomal compartment 
and patchy distribution of striatonigra) projections in the 
matrix of the cat caudate nucleus. 

. Neuroscience 2*>, n* 3, 551-55G (1989) 

727 AYALA, J., OLOFSON, R., TOUCHOT, N., ZAHRAOUI, A. TAVITIAN, 
A. & PROCHIANTZ, A.: 

Developmental and regional expression of three new members 
of the ras-gene family in the mouse brain. 

. J. Neurosci. Res. 22, 4, 384-309 (1989) 

728 EL ETR, M. , CORDIF.R, J., GLOWINSKI, J. 4 PREMONT, J.: 

A neuroglial cooporativity is required for the potentiation 
by 2-chloroadenosinc of the muscarinic-sensitive phospho¬ 
lipase C in the striatum. 

. The Journal of Neuroscience, J)* n ° 5, 1473-1480 (1989) 

729 KREBS. M-O., KEMEL, M.L., GAUCHY, C., DESBAN, M., 4 

GLOWINSKI, J.: 

Glycine potentiate* the NMDA-indnred release of dopamine 
through a strychnine-insensitive site in the rot striatum. 

. Eur. J. Pharmacol ICC, 567-570 (1989) 
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ARTICLES 0R1GINAUX - 1989 (suite) 

730 CHNEIWEISS, H., BERETTA, T.-, CORDIER, J. , BOUTTEK1N, M-C., 

GLOWJ.NSKI, J. & SOBF.L, A. : 

Stathmin is a major phosphoprotcin and cyclic AKP-dependent 
protein kinase substrate in mouse brain neurons but not in 
astrocytes in culture: regulation during ontogenesis. 

» J. Neurochem. 113, 3, 056* 863 (1989) 

731 CIIAMAK, b. 6 PROCHiANTZ, A.: 

Influence of extracellular matrix proteins on the expression of 
neuronal polarity, 

. Development, ±06, 483-491 (1989) 

732 TORRENS, Y* , DIETL, M., BEAUJOUAN, J-C. S GLOWTNSKI, J. : 
Reduction par la substance P de 1*accumulation initiate du 
myo( 3 H)inositol dans lea cellules acineuscs dc la glande 
parotide de rat, 

. C.R. Acad, Sci., 309, III, 295-300 (1989) 

733 DIETL, M.M* , TORRENS, Y. , BEAUJOUAN, J.C. & GLOWTNSKI, J. : 
Substance P-indiiced reduction in the initial accumulation of 
cy tosolic royo-(*11) inositol in rat parotid acinar ccllc mediated 
by the NKl tachykinin receptor. 

. J. Neurochem. Jv3, 5, 1640-1643 (1989) 

734 TASSIN, J.P.: 

Peut-on tronver un lien entre I’inconscient psychanalytique et 
les connuissauues acLuclles en neurobiologie ? 

. Ncuro-Pcy, 4_, n°8, 421-434 (1989) 

735 HOULGATL, R. , MALLAT, M. , bRACHET, P. & PROCIIIANTZ, A, : 
Secretion of nerve growth factor in cultures of glial cells and 
neurons derived from different regions of the mouse brain. 

. J. Neurosci. Res. 24, 143-152 (1989) 

736 KEMEL, M. L. , DESRAN, M. , GLOWINSKi, J. & GAUCHY, C ; : 

Distinct presynaptic cuntiul of dopamine release in striosomal 
and matrix area:; of the cat caudate nucleus. 

. Proc. Natl. Arad. Sci . USA, 8b, 9006-9010 (1989) 

737 JAY, T.M., GLOWINSKI, J. 6 THIERRY, A.M.: 

Selectivity of the hippocapal projection to the prelinibic area 
of the prefrontal cortex in Lite rat. 

♦ Drain Res., SOS , 337-340 (1989) 

738 SGBEL, A., BOUTTERIN r M.C., BERETTA, L. , CIINEIWEISS, H., DOYE, 
V. & PEYRO SAINT PAUL, H. ; 

Intracellular substrates for extracellular signaling. Characte¬ 
rization of a ubiquitous, neuron-enriched phosphoprotcin 
(stathmin). 

. J. Rinl. Chem., 264 n w 7, 3/65-3772 (1989) 

739 HERVE , D. , TROVERO, G., BLANC, G- , THIERRY, A.M-, GLOWINSKI , J. 
& TASSJN, J.P. : 

Nondopaminuryic pief ronLocorliical efferent fibers modulate DA 
receptor denervation supersensitivity in specific regions of 
the rat striatum. 

. J. Neurosci., 9, 11, 3G99-3700 (1989) 
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740 



BARREITO, L., G1RAULT, J.A., GODEHEU, G. , PITTALUGA, A., 
GLOWINSKI, J. * CHERAMY, A.: _ 5 

Activation of the corticoutriatal ntumns nftftr GABA {10 M) 
application into thalamic motor nuclei as estimated by the 
release of amino acids in the cat caudate nucleus. 

. "Frontiers in Excitatory Amino Acid Research" S. 

Lehmann Ed., Alan Liss, pp.145-148 (1988) 

TA6SIN, J.P.: 

Les systemes dopamineryiques ct leurs cibles. 

. L'Encephale (Scrvier,raars 1900) XV: 63-72 (1989) 

STURT,ER,- J.M. 6 TASS1N, J.P. : 

Aspects auatomiyues et fonctionnels dc la colocalisation 
cholecyctokinine/dcpamino. 

. j.'Rncftphalfi (Servier,roars 1988) XV: 79-64 (1989) 

KITABCI/ P., 11ERVE, D., STUDLER, J.M-.., TRAMU, G-, ROSTENE, W. 6 
TASSTN, .7. P.: 

Interactions neuiotenuine/dopaminc. 

. L 1 Enc&phalc (Scrvier,mars 1988) XV: 91-94 (19R9) 

HERVE, D., BLANC, G. , GLOWINSKI, J. i TAGCIN, J.P.s 
Interactions reciproquos entro les systemes noradronergiques et 
dopaminergjgnns dans le cortex prefrontal et l'aire tegiuentalo 
ventrale. 

. L'Enc^phalc (Scrvicr,mars I960) XV: 133-138 (1989) 

BARBE1TO, L., GODEHEU, G., PITTALUGA, A. & GLOWINSKI, J.» 
Implication du glutamate liboro dec fibres cortico—striatales 
dans le controln presynaptique de la liberation de dopaiulne 
dans le noyau cau<36 chez le chat. 

. L’Encephale (Scrvicr,mare 1988) XV: 139-142 (1989) 

TASSIN, J.P.: 

Implications fonctionnclles de la notion d'h£t£rn-rAgulation: 
example des r^ceptnnrrs dopaminergiques de type Dl. 

. Confrontations Psychiatriyues, n” 30, OS-105 (1989) 

TASSIN, J.P.: 

La neurotensine, la dopamine ct le mode d'action dcs 
neuroleptiquco. 

. L'Enc^phaln, XV, 405-470 (1989) 
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3990 - ARTICLES ORIGINAUX 


748 BEAUJOUAN, J.C., DAGUET de MONTETY, M.C., TORRENS, Y . , 

SAFFROY, M., DIETL, M. & GLOWINSKI, J. : 

Marked regional heterogeneity- Of -Bolton Huntor substancc P 
binding and substance F-induced activation of phospholipase C 
in astrocyte culture*; from the embryonic or newborn rat. 

. J. Neurochem. , M 4 . 2, 669-G75 (1890) 

74 9 ROUSSELET, A., AUTILLO-TOUATT , A., AKAUL), U. h PROCHIANTZ, A. : 
Jn vitro regulation of neuronal mophogenesis and polarity by 
astrocytu-dejived factors. 

. Dev. Biol . f 122, 33-45 (1990) 

750 BARBEITO, I,., CUBAAMY, A., CODEHEU, C. , DESCE, J.M. & 

GLOWINSKI, J. : 

Glutamate receptors OJ a quisqualate-kainate subtype are 
involved In the piusynaptic regulation of dopamine release in 
the cat caudate nucleus in vivo . 

. The Eur. J. Neurosci., Z, n*4, 304-311 (1990) 

751 EVRARD, C., BORDF., 1., MARIN, V ., GAL I AN A, E., PRRMQNT, J., 

GROG, V & ROUGET, P. : 

Immortalization 01 bipotential and plastic glio-ncuronal 
precursor cells. 

. Proc. N3tl> Acad. Sci. £7, .3072-3076 (1990) 

752 AYALA/ J./ TOUCHOT, N., ZAIIRAOUI, A., TAVITIAN, A. r 

PROCHIANTZ, A. : 

The product of rah2, a small GTP binding protein, increases 
neuronal adhesion, mid neuiitc growth in vitro. 

. Neuron, Ajl 797-905 (1990) 

753 THERY, C., HET1ER, E ., EVRARD, D;, & MALLAT, M, ; 

Expression of macrophage colony-stimulating factor gene in the 
mouse brain during development. 

. J. Neurnsci. Res. 26-.. 1/ 129-133 (1990) 

754 HERVE, D., TROVERO, F., BLANC, G., VEZJNA, P., GLOWINSKI, J. & 
TASSIN, J.P. : 

Involvement of dopamine neurons in the regulation of 3- 
adrenergjc receptor sensitivity in rat prefrontal cortex.. 

J. Neurochem. „ 54. 6, 1964-1869 (1990) 

755 SERVAL, V., BARBEITO, L., riTTALUGA, A., CHERAMY, A., LAVTF.T.T.K, 

S. & CLOWINSKI, J. : 

Competitive inhibition of N-aoetylated-a-linked acidic 
dipeptidase activity by N-*acc t y 1-L-ae part yl-B-linked T.- 
glutomotc. 

. J. Neurochem. 55, i, 39-46 (1990) 

756 LAROCHE, S., JAY, T.M. t THIERRY, A.M. : 

Long term pot ontioat ion in the prefrontal cortex, following 
Stimulation of the hippocampal CAl/subicullar region. 

. Neurosci. Lett. Ill, 2, 184-190 (1990) 
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757 LAVIBLLE, 0., CHASSA1NG, G., LOEUILT.P.T, D., CONVERT, O., 

TORRENS, Y., BEAD JOHAN, J.,C\, SAFFROY, M., PF.TITET, F., 

BERGSTROM, L., i. GLOWINSKI, 0.; 

Selective agonists of tachykinin binding sites. 

. Fundamental Clin. Pharmacol., £, 257-267 (1990) 

758 MANTE, J., GODBOUT, R., TA53IN, J.P.,GLOWINSKI, J. £ THJF.RRY, 
A.M.; 

Inhibition of spontaneous and evoked unit activity in the rat 
medial prefrontal coitex by mesencephalic raphe nuclei. 

. Brain Res., 5 H, n°l, 22-30 (1990) 

759 MANS, M;, HOMBURGER, V. BOCKAERT, J., GLOWINSKI, J., t 
PREMONT, J. : 

Pretreatment of mouse striatal neurons in primary culture 
with 17p~ostradiol enhances the pertussis toxin-catalyzed 
ADP-ribosylation of Ga o,i, protein oubunits. 

. J. Neurochem., ££, n° 4, 1244 1251 (1990) 

760 HETIER, E., AYAT.A, J. , BOUSSEAU, A., DENErLE, P. 4 
PROCHIANTE,A.: 

Amoeboid microglial cells and not astrocytes synthesize TNF-a 
in Swiss mouse brain cell cultures. 

. Eur. J. Ncurosei. 2, n°9, 762-768 (1990) 

761 CHNEIWETSS, H., GLOWJNSKi, J. 6 PREMONT, J. : 

Dopamine-induced homologous and heterologous desens it i?.at ions 
of adenylate cyclaso-eoupled receptors on striatal neurons. 

. Eur. J. Pharmacol., (Mol. Pharmac. SecLion) 189 . 287 292 
(1990) 

762 RAVARD, S., HERVE, D., THTF.ROT, M.-H., SOUBRIE, P. 4 TASSIN, 
J.P. t 

Anticonflict-like effect of a prefrontal dopaminergic lesion 
in rato: permissive role of noradrenergic neurons. 

. Bebav. Pharmacol., i, 255-259 (1990) 

763 RAVARD, 0., CARNOY, P., HERVE, D., TASRTN, J.P., THlEBOT, 
M.H. 4 SOUBRIE, P. : 

Involvement Of prefrontal dopamine neurones in behavioural 
blockade induced by controllable vs uncontrol Table negative 
events in rats. 

. Behav. Brain kcs. 2.1, 9-18 (1990) 

7G4 MARIN, P., DELUMEAU, J.C., CORDTFR, J., GLOWINSKI, J. 4 
PREMONT, J. : 

Both astrocytes and neurons contribute to tha potentiation 
mediated by ul-adicnoieceptors of the P-adrcnergic-stimulated 
cyclic AMP production in brain. 

. Eur. J. Neurosci. 2, 12, 1110-1117 (1990) 
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ARTICLES ORIGINAUX - 1990 (suite) 


765 TROVERO, I\, HERVE, D., DESBAN, M., GLOWINSKI, J. t TASSTN, 
J.P. : 

Striatal opiate mu-receptors are not located on dopamine 
nerve endings in the rat. 

. Neiirosr.1enr.ft J12, 2, 313-321 (1990) 

766 TROVERO, F., GLOWINSKI, 0. & LEVY, M. : 

Evidence Cor phosphat1dyl1nosltIde anchorage or opioid 
binding proteins An rat brain. 

. Brain Res. 521, 1/2, 381-385 (1990) 
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767 CLOWINSKI, J. : 

Recent finding in dopaminergic transmission in the basal ganglia. 

. Advances in Neuroloqy, Parkinson disease; anatomy, pathology and 
therapy ,ed. MB Strcifler ct al., vol 53, pp 67-73 (1990) 

768 CHNEIWEISS, H. : 

Note dc route d*un enfant dc Syoiphc. 

. T.a Recherche, 225, vol 21, 1194-1195, Octobre 1990 

769 CHERAMY, A. f BARBE1TO, L., GODEHEU, G., DESCE, J.M., PITTALUGA, A., 
GATiT.T, T., ARTAUD, F. ft G1.0WTNSKT, J.r 

Respective contributions of neuronal activity and piesynaptic 
mechanisms in the control of the in vivo release of dopamine. 

. J. Neural Transm., Suppl. 29, 183-193 (1990) Proceedings of a 

Satellite Symposium of the 12 Lli International Society foi 
Neurochcmicty Meeting, Algarve, Portugal, April 29-30, 1989, eds 

M.B.H. Vouriim f* K.F. Tipton. 

7 /0 MAUS, M., PREMONT, J\ , & GLOWINSKI, J. : 

In vitro effects of 17|J oestradiol on the sensitivity of receptors 
coupled to adenylote cyclase on striatal neurones in primary 
m l t u re. 

. Ciba Foundation Symposium, Oohn Wiley & Sons Lts , ’'Steroids and 
neuronal activity”, 153, pp 145-155 (1990) 

771 THIERRY, A.M.,, GODBOUT, R., MANTZ, 0. 6 GLOWINSKI, J. : 

Influence of the ascending monoamincrgic systems on the activity of 
the rat prefrontal rnrte*. 

. The prefrontal cortex: its structure, function and pathology, vol 
85, chap 18, pp 357-365, Progress in Brain Research, (1990) 
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1991 - ARTICLES ORIGINAUX 


772 KREBS, M.O., DESCE, J.M., KF.MF.L, M.L., GAUCHY, C., GODEHEU, G., 
CHERAMY, A. S GLOWINSKJ, J. : 

Glutamatergic control of dopamine release in the rat striatum: 
evidence for presynaptic N-methyl-D-aspartate receptors on 
dopaminergic nerve terminals. 

. J. Neurochem., n°l, 01-85 (1991) 

773 PETITET, F., GLOWINSKI, J. & BF.AUJOUAN, J.C.: 

Evoked release of acetylcholine in the rat striatum by 
stimulation of tachykinin NK-1 receptors. 

. Eur. J. Pharmacol., 192 . 203-204 (1991) 

7/4 GIAUME, C., FROMAGET, C., Kl AOUMARI, A., CORDIER, J., GLOWINSKI, 
J. & GROS, D.: 

Gap junctions in cultured astrocytes: single channel currents and 
characterization of channel-forming protein. 

. Neuron, £, 133-143 (1991) 

775 GAUCHY, C., DESBAN, M., KREBS, M.O., GLOWINSKI, J. S KEMEL, M.L.: 
Role of dynorphin-containing neurons in the presynaptic 
inhibitory control of the acetylcholine-evoked release of 
dopamine in the striosomes and the matrix of the cat caudate 
nucleus. 

. Neuroscience, ±1, n° 2/3 449-458 (1991) 

776 DELUMEAU, J.C., MARIN,P., CORDIER, J ., GLOWINSKI, J. & PREMONT, 

J. : 

Synergistic effects in the ai and Pi adrenergic regulations of 
intracellular calcium levels in striatal astrocytes. 

. Cellular and Molecular Neurobiology, 11, n° 2, 263-276 (1991) 

777 PETITET, F., BEAUJOUAN, J-C., SAFFROY, M., TORRENS, Y.,CHASSAING, 

G., LAVIELLE, S., BESSEYRE, J., GARRET, C., CARRUETTE, A., & 

GLOWINSKI, J. :. 

Further demonstration that (Pro 9 )-Substance P is a potent and 
selective ligand of NK-1 tachykinin receptors. 

. J. Neurochem., ££, n° 3, 879-889 (1991) 


778 GALLI, T., GODEHEU, G., ARTAUD, F., DESCE, J.M., PITTALUGA, A., 
BARBEITO, I,., GLOWINSKI, J. & CHERRY, A. : 

Specific role of N--ace.tyl-aspartyl-glutamate in the in vivo 
regulation of dopamine release from dendrites and nerve terminals 
of nigrostriatal dopaminergic neurons in the cat. 

. Neuroscience, 12, 1, 19-28 (1991) 
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779 MAOS M., HOMBURGER, V., CORDIER, J., PANTALONI, C., BOCKAERT, J. 
GLOWINSKI, J. & PREMONT, J. : 

Treatment of intact striata] neurones with cholera toxin or 8- 
bromoadenosine 3 1 ,5'-(cyclic)phosphate decreases the ability of 
pertussis toxin to ADP-ribosylate the a-subunits of inhibitory 
and other guanine-nucleotide-binding regulatory proteins, Gi and 
Go. Evidence for two distinct mechanisms. 

. Eur. J. Biochem., 12£, 313-320 (1991) 

780 MARIN, P., DELUMEAU, J.C., DURIEU-TRAUTMANN, O., LE NGUYEN, D., 
PREMONT, J., STROSBERG, A.D. & COURAUD, P.O. : 

Are several G proteins involved in the different effects of 
endothelin-1 in mouse striatal astrocytes ? 

. J. Neurochem., M, 1270-1275 (1991) 

781 KREBS, M.-O., TROVERO, F., DF.SBAN, M., GAUCHY, C., GLOWINSKI, J. 
& KEMEL, M.L. : 

Distinct presynaptic regulation of dopamine release through NMDA 
receptors in striosomc-and matrix-enriched areas of the rat 
striatum. 

. J. of Neurosci.,11, n°5, 1256-1262 (1991) 

782 CHASSAING, G. , LAVIELLE, L., LOEUILLET, D., ROBILLARD, P., 
CARRUETTE, A., GARRET, C., BEAUJOUAN, J.C., SAFFROY, M., PETITET, 
F., TORRENS, Y. & GLOWINSKI, J. : 

Selective agonists of NK-2 binding sites highly active on rat 
portal vein (NK-3 bioassay). 

. Neuropeptides JL2, 91-95 (3 991) 

783 TROVERO, F., HERVE, D., BLANC, G., GLOWINSKI, J. & TASSIN, O.P. : 
Different regulations of dopaminergic (Dl) receptors and 
neurotensinergic binding sites in the rat prefrontal cortex. 

. Neurosci. Lett. 121, 198-202 (1991) 

784 TORRENS, Y., DIF.TL, M., BEAUJOUAN, J.C. i GLOWINSKI, J. : 
Inhibitory effects of substance P and carbachol on the saturable 
sodium-dependent uptake process of myo-inositol in rat parotid 
gland. 

. J.P.E.T. Z5Ji, n° 639-646 (1991) 

785 GODBOUT, R., MANTZ, J., PIROT, S., GLOWINSKI, J. & THIERRY,A.M. : 
Inhibitory influence of the mesocortical dopaminergic neurons on 
their target cells: electrophysiological and pharmacological 
characterization. 

. J.P.E.T. n° 2, 728-738 (1991) 

786 GIAUME, C., MARIN, P., CORDIER, J., GLOWINSKI, J. & PREMONT, J. : 
Adrenergic regulation of intercellular communications between 
cultured striatal astrocytes from the mouse. 

. P.N.A.S. M» 5577-5581 (1991) 


Source: https://www.industrydocuments.ucsf.edu/docs/yzkmOOOO 


2023251878 



2 6 '0 1 *93 15:SI 


35 33144271260 


IMSERPI U. 114 


1 1 


ARTICLES ORIGINAUX - 1991 (suite) 


787 J.ANTTN 1 T.F. ROtJl.CH, N., TRUONG-NGOC, N.A. & GAUCHX, C. : 

Role of dendritic dopamine of the substantia nigra in' the 

modulation of nlqrocollicular y-aminobuLyric acid release; in vivo 
studies In the rat. 

. J. Neuroehcm., 22, 3, 1080-1083 (1991) 

788: LE GOUVELLO, 5., CHNEIWEISS, H., TARANTINO, N•, DEBRE, P. & 

SOBEL, A. ; 

Stathmin phosphorylation patterns discriminate bntwoon distinct 
transduction pathways of human T lymphocytes activation through 
CD2 triggering. 

. FEBS, 287 . n* 1 80-84 (1991) 

789 DUPLAA, H., CHASSAING, G., LAVIELLE, S., DEAUJOUAN, J.C., 

TORRENS, Y., SAFFROY, M., GLOWINSK1, J., D'ORLEANS JUSTE, P., 
RF.GOT.T, 0., CARRUETTE, A. & GARRET, C. : 

Influence of the replacement of amino acid by its D-enantiomer in 
the sequence of substance P 1 binding and pharmacological data. 

. Neuropeptides, 12, 251-257 (1991) 

790 DELUMEAU, J.C., TENCE, M., MARIN, F., CORDIER, J., CLOWINSKI, J. 
i PREMONT, J. : 

Synergistic regulation of cytosolic Ca2+ concentration by 

adenosine and al-adrenergic agonists in mouse striatal 
astrocytes. 

. Eur. J. Neur-osei. 2, n° 6, S39 550 (1991) 

791 N. T.ANTTN T.F. ROULCH, N.A. TRUONG-NGOC, C, GAUCHX 6 M.J. BESSON : 

in vivo release of newly synthesized ( 3 H)GABA in the substantia 

nigra of the rat: relative contribution of CABA striato pallido- 
ni.gral afferents and nigral GABA neurons. 

. Brain Research, 222, 200-210 (1991) 

792 VEZINA, P., BLANC, G., GLOW INSKI, J., i TASSIN, J.P. : 

Opposed behavioural outputs ot increased dopamine transmission in 
prefrontocorLioa1 and subcortical areas ; a role for the cortical 
D-l dopamine receptor. 

. F.nr. .1. Nenroscl . 1, 10, 1UU1-1UU7 (1991) 

7 93 MALLAT, M. , CIIAMAK, D., TUERY, C.: 

Les macrophages cerebraux : r Al e dans les remaniements 
morphologiques et la d<Sg6nerescence des neurones. 

. MAdecine/Sciences J, n° 0, 768 774 (1991) 

794 BEAUJOHAN, .1.0., TKUTSCH, B., SAFFROY, M., PET1TKT, f., TORRENS, 
Y. 6 GLOWJN5KI, J. : 

UK-1 receptors arc the only class of tachykinin receptors found 
on mouse cortical astrocytes. 

. Peptides 12, 813-820 (1991) 
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ARTICLES ORIGINAUX - 3991 (suite) 


795 MARIN/ P., DELUMEAU, J.C., TF.NCE, M., CORDIER, J., GLOWINGKI/ J. 

& FREMONT, J. : 

Somatostatin potentiates the Ctl-adrenergic activation of 
phospholipase C in striatal astrocytes through a mechanism 
involving arachidonic acid and glutamate. 

. P.N.A.S. 9016-9020 (1991) 

796 CHNEIWEISS/ H., CORDIER, J, GLOW1NSK1/ 0 . *. 

Cyclic AMP accumulation induces a rapid desensiti. nation of the 
cyclic AMP-dependent protein kinase in mouse striatal neurons. 

. J. Neurochem./ £1, n° 5, 1708-1715 (1991) 

797 TROVERO/ F., HERVE, D. , VEZ1NA, P., DESBAN, M./ GLOWINGKI, J. & 

TASS1N/ J , P. : 

Dopaminergic control of striatal opiate receptors: evidence for 
an exclusive postsynaptic location of the mu-rcccptor subtype. 

. Foster in Neurosciences, 1, 19-22 (1991) 

798 GODBOUT/ R., MANTZ, J., GLOWINGKI, J. ft THIERRY, A.M. ; 

The novel 5-HT2 receptor antagonist, RP 62203, selectively blocks 
serotoninerqic but not dopaminergic-induced inhibition in the rat. 
prefrontal cortex. 

. Eur. J. Pharmacol. 2M, n° 1, 97-300 (1991) 

7 93 CilAMAK, B. & MALLAT, M. : 

Fibronectin and laminin regulate the in vitro differentiation of 
microglial ceils. 

. Neuroscience/ AH, n° 3, 513-527 (1991) 

800 THF.RY, C./ CHAMAK, B. ft MALLAT, M. : 

Cytotoxic effect or brain macrophages on developing neurons. 

. Eur. J. Ncurooci., 3., 1155 1164 (3991) 

801 DELUMEAU, J.C., FKTiTET, t\, CORDIER, J., GLOWINSKT, J. ft 
FREMONT/ J. : 

Synergictic regulation of cytosolic Ca ?+ concentration in mouse 
astrocytes by NK1 tachykinin and adenosine agonists. 

. J. Neurochem./ £2, n* 6, 2026-2035 (1991) 

802 DESCE, J.M., GODEHEU, G., GALLI , T./ ARTAUD , F., CHERAMY, A. 6 
GLOWINSK1, J. : 

Presynaptic facilitation of dopamine release through D,L-a-amino- 
3-hydroxy-6-methyI-4-isoxazole propionate receptors on 
synaptosomes fxOtu the rat striatum. 

. J.P.E.T. 2S1, n° 2 r 692-698 (1991) 

803 JAY/ T.M. ft WITTER, M.p. : 

Dietribution of hippocampal CAl and subicular efeients In Lhe 
prefrontal cortex of the rat studied by means of anterograde 
transport of phascolus vulgaris- leucoagglutinin. 

. J. Comp. Neurol. 313 , 574*586 (1991) 


Source: https://www.industrydocuments.ucsf.edu/docs/yzkm0000 


8023251880 





26 -'01 *93 1 5 t 5 2 


S 33114271260 


IHSERfl U . 1 i 4 


M 


1331 REVUES GENERALISE (suite) 


012 TORRENS, Y., DIETL, M.M., BEAUJOUAN/ 3.-C- & GLOWINSKI, J.; 

Myo-inositol uptake tat parotid gland : a selective bioassay for NK1 

receptors. 

, Substance P and related Peptides. Annals of the New York Academy of 
Sciences, eds. S.K. Lecman, J.E. Krause, F. Lembeck, vol 632, pp 
145-153 (1331) 

83 3 DESCE, J.M., GODEI1EU, G., CHER AMY, A. t GLOWINSKI, J. : 

Presynaptic regulation or dopamine release from synaptosomes or trie 
rat striatum is controlled by diferent types of glutamate leeplors. 

. in Advances in the Biosciences 7 vol £2, 95-96 (1991) 

611 TROVERO, F., HfcRVE, D. / PF.SHAN, M., GLOWINSKI, J. & TASS1N/ J.P.: 

Dopaminergic hctcro-regulation of- striatal mu-opiatc receptors: 
further evidence for their post.synaptic location. 

. in Advances in Llie BioscJences, vol £2/ 99-100 (1991) 

815 KREBS, M.O., KEMEL, M.L., DESBAN, M., GLOWINSKI, 3. 6 GAOCHY, C. : 
involvement of nmua receptors In the presynaptioc regulation of 

dopamine release in striosome-and matrix-enriched areas of the rat 
striatum. 

. in Advances in the Biosciences, vol 82, 107-lGtf (1991) 

816 GLOWINSKI/ J., KREBS/ M.O., DKSRAN, M., CAUCHY/ C. & KEMEL/ M.L. : 
Functional heterogeneity nf the striatum: presynaptic regulation ot 
dopamine release in str.iosomes and matrix. 

. in Biological Psychiatry, vol 2, 623-623 (1991) Edo C, Racagni ct 
al. 

83 7 CHNEIWEISS, II., : 

Astrocytes ct neurotransmetteurs 

. La Revue d’ONO (oto-ncuro-ophtalmologie) n° 12/13, pp 44-50 (1991) 
818 CHNEIWEISS, H.: 

Les r6cepteurs dopaminergigues aujourernui 

. Symposium "Maladies de Fdi kirison ; Donnces actuelles ; une nuuvelle 
6tape th£rapoutique" Berlin — 3 Fevrier 1991/ pp 5-16 (1991) 

019 CHERAMY, A., DESCE, J.M., GODBHEU, G./ GALL1, T. & GLOWINSKI/ J. : 

Role of excitatory amino acids in the direct and indirect presynaptic 
regulation of dopamine release from nerve terminals of nigrostriat.al 
dopaminergic neurons. 

.Amino Acid, 1, pp 351-363 (1991) 
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804 GTAtJME, C. : 

Application of the patch-clamp technique to the study of junctional 
conductance. 

. In "Biophysics ot gap junction" c. Feracchia (eds) CRC press 
pp 175-190 (1991) 

805 T0RREN$ # Y., BEAUJOUAN, »T.C. # DIETL, M., SAFFROY, M., PETiTET, F. 4 
GLOWINSKI t J. : 

Tachykinin receptors: binding and cellular activity assays. 

. in: Methods in Neurosciences, vol 5., ^Neuropeptide Technology 
(P.M. Conn, ed.) pp 243-267 (1991) 

R06 VE7.TNA, P., HERVE, D., GLOWINSKI, J. 4 TASS1N, d,P.: 

The effect of acute and repeated nicotine injections on brain 
dopamine activation: comparison with morphine and amphetamine. 

. Effects of Nicotine on Biological Systems. Adv. Pharmacol. 

Sciences, Birkliauser Verldg Basel, pp 351-353 (1991) 

807 TASSIN, J.P., HERVE, r>. , VF.ZTNA, P., TROVERO, F., BLANC, G. & 
GLOWINSKI, J.: 

Relationships between meaocortical and mccolimbic dopamin© neurons: 
Functional correlates of' BA (HI) receptor heteroregulation. 

. "The mesolimbic dopaminergic system: from motivation to action-, 
eds P. Willncr U J. Schccl -Kruger, pub John Wiley & Son, chap 7, pp 
175-196 (1991) 

808 GLOWINSKI, J., BARBEITO, L. & CHERAMY, A. : 

Tnluence of cortico.-striatnl glulamat.ergic neurons on dopaminergic . 
transmission in the striatum. 

. The Basal Canglia III “International Basal Ganglia Society (IBAGS) 
eds G. Bernard!, M R, C^rppnfpr, G. dl Chiara, M. Moreili & R. 
Stan2ione, Plenum iPress,vol 39, pp 347-356, (1991) 

809 KEMEL, M.L., DE$BAN, M., GLOWINSKI, J. S GAUC.HY, C. : 

Distinct cholinergic control of dopamine release in striosoiual and 
matrix areas of the cat caudate nucleus. 

. The Basal Ganglia III “international Rasal Ganglia Society (IBAGS), 
eds G. bernardi, M.b. Carpenter, G. di Chiara, M. Moreili 4 P. 
Stanzione, Plenum Press, vol 39, pp 363-370 (1991) 

81U KREBS, M.O., KEMKL, M.-L., DESBAN, M;, GLOWINSKI, J; 4 GAUCHY, C; : 

N-Methy 1-D-aspa; Late-receptors-:ncdiated control of dopamine release 
in etriosomal-and matrix-enriched areas of the rat striatum. 

. Excitatory Amino Acids, edt by B.S. Meldrum, F. Moroni, R.p. Simon 
4 J.H. Woods, Raven Press Ltd, New York pp 287-291 (1991) 

811 GLOWINSKI, J. : 

Recepteuis astiocytaiies: role dans les interactions astrocyto- 
actrocytaires et aatrocyto-nauronalcs. 

. DGA, Sciences et Defense 9i, eds uunod 267-280 (1991) 
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820 CHNEIWEISS, h., COKU1EK, J. & SOBEL, A. : 

Stathmin phosphorylation is regulated in striatal neurons by 
vasoactive intestinal peptide and monoamines via multiple 
intracellular pathways. 

. J. Neurochem., M, n° 1, 202-209 (1992) 

821 HERVE, D., TROVERO, F., BLANC, G., GT.OWTNSKT, J. t TASSIN, J.P.: 

Autoradiographic identification of D1 dopamine receptors labelled 
with (^H)dopamine : distribution, regulation and relationship to 
coupling. 

. Neuroscience, n° 3 007-700 (1992) 

822 GIRAULT, J.A., CHAMAK, B. , nF.RTllZZT, G., TTXTF.R, H., WANG, 
J.K.T., PANG, D.T. & GREENGARD, p. : 

Protein phosphotyrosinc in mouse brain ; developmental changes 
and regulation by epidermal growth factor, type J insulin-like 
growth factor, and insulin. 

. J. Neurochem., M, n° 2, 518-528 (1992) 

823 TROVERO, f ., BLANC, HEKVE, 0., VEZ1NA, P., GLOWINSKI, J. & 

TAS5IN, J.P. : 

ContiibuLion of an al-udionoigio receptor subtype to the 
expression of the "ventral tegmental area syndrome". 

. Neuroscience, £2, n° 1, 69-76 (1992) 

824 DESCE, J.M., GODLHEU, G., GALLI, T., ARTAUD, F., CHERAMY, A. k 
CLOWINSKI, J. : 

T.-glutamate-evokad release of dopamine from synaptosomes of the 
rat striatum: involvement of ampa and N-methyl-d-aspartate 
rcccptoro. 

. Neuroscience, 12, n u 2, 333-339 (199?) 

025 SERVAL, V., GALLI, T., CHERAMY, A., GLOWINSKI, J. 6 I.AVIELLE, S. 

In vitro and in vivo inhibition of N-acetyl-I.-aspartyl-L- 
giutamatc catabolism by N-acyiated L-glutamate analogs. 

. J.P.E.T. Z& 0., n” 3, 1093-1100 (1992) 

8?6 PETITET, E., BEAUJOUAN, J.C., SAFFROY, M., TORRENS, Y., LAVIELLE, 
5., CHASSAI'NG, G., LOEUJ.LLET, D. & GL0W1NSK1, J. : 

Un nouveau ricepteur des tachykinincs r6v41fc par des analogues de 
la substance P dans l’il4on de eobaye. 

. C.R.Acad. sci. Paris, t. 314, S6rie Hi, p. 299-303 (1992) 

8?7 GIRAULT, J.A., SICILIANO, J.C., ROBEL, L. t HERVE, D. : 

Stimulation of protein-tyrosine phosphorylation in rat striatum 
after lesion of dopamine neurons or chronic neuroleptic 
t reatment. 

. P.N.A.S. 89, n°7, 2769-2773 (1992) 
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828 VEZINA, P. r BLANC, G., GLOWINSKI, J. t TASSIN, J.P. : 

Nicotine and morphine differentially activate brain dopamine in 
prefrontocorticai and subcortical terminal ficldo: effects of 
acute and repeated injections. 

. J.P.E.T. 261 . n c 2, 484-490 (1992) 

829 EL-BTK M. , MARIN, P., TENCB, M., DELUMEAU, J.C., CORDIER, J., 
GLOWINSKI, J. & PUEMONT, J. : 

2-chluroadenosinc potentiates the al-adrenergi r. activation of 
phospholipase C through a mechanism involving arachidonic acid 
and glutamate in striatal astrocytes. 

. J. Neuroscl. 12, n n 4, 1363-1369 (1992) 

830 PETITET, F., SAFFROy, M.. TORRENS, I., J.AVIELLE, S., CHASSAING, 
G., LOEUILLET, D., GLOWINSKI, J. & BEAUJOUAN, J.C. : 

Possible evidence of o new tachykinin receptor subtype in the 
guinea pig ileum. 

. Peptides, Id, n* 2, 383-388 (1992) 

831 MANTZ, J., CHERAMY, A., THIERRY, A.M., GT.OWINSKI, J. & UESMONTS, 
J .M. : 

Anesthetic properties of Rilusole (54274 RP), a new inhibitor of 
glutamate ncurotransmission. 

. Anesthesiology,s 2h. 844-848 (1992) 

832 TROVBRO, F., IIERVE, D., BLANC, G., GLOWINSKI, J. * TASSIN, J.P. : 
In vivo partial inactivation ot dopamine D1 receptors induces 
hypersensitivity Of cortical dopamine senoitive adenylate 
cyclase: permissive role of ai-adrenergic receptors. 

. J'. Neurochem. 39 . n e 1, 331-337 (1992) 

833 PIROT, S., GODBOUT, R., MANTZ, J., TASSIN, J.P., GLOWINSKI, J. * 
THIERRY, A.M.: 

Inhibitory effects of ventral tegmental area stimulation on the 
activity of prefrontal cortical neurons: evidence for the 
involvement of both dopaminergic and qabaeryic components. 

. Neuroscience, ±!, n° 4, 057-065 (1992) 

834 THERY, C., STANLEY, R.R. f. MALLAT, M. : 

Interleukin 1 and tumor necrosis factor-a stimulate the 
production of colony-otimulating factor 1 by murine astrocytes. 

. J. Neurochem. M, n* 3, 1183-1186 (1992) 

833 GIAUME, C., CORDIER, J. & GLOWINSKI, J. : 

Endothclins inhibit -junctional permeability in cultured mouse 
astrocytes. 

. Euxr. J. Neurosci. A, 077 881 (1992) 
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036 CHASSA1NG, G., LAVIELE, S., DRUNISSEN, A,, CARRUETTE, A., GARRET, 
C., PETITET, F *, SAFFROY, M. / REAILTOUAN, U.C., TORRENS, Y. 4 

GLOWINSKI, J. : 

(PR09JSP and (pGLU6, PR09)SP(6 11) interact with two different 

receptors in the guinea-pig ileum as demonstrated with new SP 
antagonists 

. Neuropeptides, 21, 73-79 (3992) 

337 KEMEL, M.L., DESBAN, M., GLOWINSKI, J. & GAUCHY, C. : 

Functional heterogeneity Of the matrix compartment in the cat 
caudate nucleus as demonstrated by the cholinergic presynaptic 
regulation of dopamine release. 

. Neuroscience, 311, n* 3, 597-610 (1992) 

838 GALLI, T., DESCE, J.M., ARTAUD, F., KEMPT*, M.L., CHEKAMY, A., 4 
CLOWINSKI, J. : 

Modulation of GABA release by a-amino-3-hydroxy-5-meLltylisoxazole 
4-propionate and N-mpthy1-D-aspartate receptors in matrix 
enriched areas of the rat striatum. 

. Neuroscience, iiH, rt° 4, 769-780 (1992) 

839 TENCE, M., CORnTF.R, J., UUJVUNSKI, J. 6 PREMONT, J. : 
Endothelin-cvokeU release of arachidonic acid from mouse 
astrocytes in primary culture. 

. Eur. J. Nenrosci., 4L, 993-999 (1992) 

840 DOYLE, V.,LE GOUVELLO, S., DOBRANSKY, T., CHNEIWEISS, H., 
BERETTA, L. 4 SOBEL, A : 

Expression of transfected stathmin cDNA reveals novel 
phusphorylatcd forms associated with developmental and functional 
cell regulation. 

. J. Biochem. 211, 549-554 (1992) 

841 CHERAMY, A., BARBEITO, L. , GODEHEU, G. 4 GLOWINSKI, J. : 

RiluzoJe inhibits the rejease of glutamate in the caudate nucleus 
of the cat in vivo. 

. Neurosci. Lett., 141, 209-212 (1992) 

84 2 TREMRT.AY, L., KEMEL, M.L., DESBAN, M., GAUCIIY, C. 6 CLOWINSKI, 
J.: 

Distinct presynaptic control of dopamine release in striosomal- 
and matrix-cnrichcd areas of the rat striatum by selective 
agonists of NK1, NK2, and NK3 tachykinin receptors. 

. Proc. Natl. Acad. Sci., SI, .31214-11218 (1992) 

843 JAY, T.M., THIERRY, A.M, , WIKLUND, L. 4 GLOWINSKI, J. : 

Excitatory amino acid pathway from the hippocampus to the 
prefrontal cortev. Contribution of AMPA recepLois in hippocampo 
prefrontal cortex transmission. 

. Eur. J. Neuroaci. ± f 3285-1295 (199?) 
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THIERRY, A . M. , MANT7., J. & GLOWINSKI, J, : 

Influence of dopaminergic and noradrenergic affcrcnto on their target 
cells in the rot medial prefrontal cortex. 

. Advances In Neurology, eds P. Chauvel, A.V. Delqado-Escueta et 
al.,Raven Press Ltd, New York, vol 51, PP 545 553 (1992). 

TASSIN, J.P., TROVERO, F., HERVE, D., BLANC, G. & GLOWINSKI, J. : 
Biochemical and behavioural consequences of interactions between 
dopaminergic and noradrenergic oyotemc in rat prefrontal cortex.. 

. Neurochem. Int., Suppl., 22SS-230S (1992) 

KEMEL, M.L., GAUCHY, C., DESBAN, M. , KRED3, M.O. & CLOWINSKI, J. : 
Control of dopamine release by acetylcholine and dynorpMn in the 
striosomal and matrix compartments of the cat caudate nucleus. 

. Neurochem. Int. 2fl, Suppl., 111S-114S (1992) 

TASS IN, J.P., VEZINA, P., TROVF.RO, F., BLANC, G., WEKVE, U. & 
GLOWINSKI, J.: 

Coxtico-subcortical interactiono in behavioral sensitxzationr 
differential effects of daily nicotine and morphine. 

. Annals of the New York Academy of Science, 054, 101-116 (1992) 

TASSIN, J.P. : 

NF./DA interactions in prefrontal cortex and their possible roles as 
neuromodulaLcuxs In schizophrenia. 

. J. Neural. Tranfim (Suppl) 135-162 (1992) 

GHEKAMY, A., KEMEL, M.L., GAUCHY, C., DBSCE, J.M., DARDEITO, L. & 
GLOWINSKI, J. : 

Role of evcit^tory amino acids in the direct and indirect presynaptic 
regulation of dopamine release from nerve terminals and dendrites of 
nigrostriatal dopaminergic neurons. 

. 2nd International Congress on "Amino Acids and Analogues", Vienna, 
August 5-9, 1991 (28/06/91) 

TROVERO, F., PIROT, S. t TAS-STN, J.P. : 

Etats des connaissances neurobiologiques sur les produits de 
consommation illicitc. 

. D616gation G6n6rale a la Lutte centre Drogue et la Toxicomanie 
(17.06.92) 

GLOWINSKI, J-, KEMEL, M.L., DKSRAN, M., GAUCHY, C. , LAVIKLLE, 5., 
CHASSA1NG, G., BEAUJOUAN, J.C. fc TREMBLAY, L. : 

Distinct presynaptic control of dopamine release in striosomal- and 
matrix-enriched areas of the rat striatum by selective agonists Of 
NK1, NK2 and NK3 tachykinin receptors. 

. Int. Symposium on Substance P and Related Peptides, Shizuoka, Japon 
(03-06.11.92) 
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11ERVE, D., LEVI-STRAOSS, M., MARK Y-SEMPER, I., VERNEY, C., TASS1N, 
J.P., GI.OWTNSKI, J. ii GIRAUltT, J.A. : 

" Golf and Gs in rot basal ganglia: possible involvement of golf in 
the coupling of dopamine HI receptor with adenylyl cyclase. 

. J. Neurosr.i... (08.09.92) 

MURPIJY, N., GORDIER, J., GT.OWTNSKI, J. fc PREMONT, J., : 

Does protein kinasse C exert u permissive effect on the N-Mefhyli-D- 
Aspartate-evoked rise in cytosolic Ca2+ in striatal neurons? 

. Neuron (09.09.92) 

LAVIELLE, S., CHASSAING, C., BRUNISSEN, A., RODRIGUEZ, M., MARTINEZ, 
I., CONVERT, O., CARRUETTF., A., GARRET, C., PETITET, F., SAFFROY, 
M., TORRENS, Y., BEAUJOUAN, J.C. & GLOW INSKI, J. : 

importance of the leucine oidc-chain in the binding to the receptors 
mediating the guinea-pig ileum, ot NK-1 analogues and molecules from 
the "septide family". 

. ini. J. Peptide Protein lies. (20.09.92) 

MEGE, R.M., GOU1XJUN, U., G1AUME, C., NICOLET, M. 1 RIEGER, F.t 
intercellular communication via gap junctions is required for 
myobla3t fusion. 

. FEBS (01.10.92) 

GISrERT, S., TWELLS, R-, OROZCO, G., BRICE, A., WEBER, J., IIEREDERO, 
L., SCHEUFLER, K., RILEY, B., ALLOTEY, R. , NOTHERS, C., HILLERMANN, 
R., LONKES, A., KIIATI, C., STEVANIN, G., HF.RNANDEZ, A., MARGARINO, 
C., KLOCKGETHER, T., DURR, A., CHNEIWEISS, H., ENCZMANN, J., 
FARRAT.T., M., BECKMANN, J., MULLAN, M., WERNET, P., AGID, Y., FREUND, 
H.J., WILLIAMSON, R., AUBURCER, G. t CHAMBERLATN, S. : 

Chromosomal assignment of the second (Cuban) locus for autosomal 
dominant cerebellar ataxia (SCA2) to human chromosome 12q23-24.1 
. NATURE GENETICS (IV.09.92 ace) 

DURR, A., CHNEIWEISS, H., KHATI, C., FE1NGOLD, J ., ACID, Y. t BRICE, 

A., : 

Phenotypical variability in autosomal dominant cerebellar ataxia 
type I is unrelated to genetic heterogeneity. 

. Annals of Neurology (20.10.92) 

MANTZ, J., HF.RVF., D., GJ.OWlNSiU, J. 6 J.P. TA55IN : 

Evidence for a high affinity binding site for (-) sulpiride in the 
rat prefrontal cortex: an autoradiographic study using the bensamidc 
derivative ( 12S l) -.1 ortosulpiride. 

. J.P.E.T. (19.11.92) 

MAREY-SEMPER, I., GET .MAN, M. & LEVI-STRAUSS, M. : 

The high sensitivity to s otenone of the striatal doparo.i n« uptake 
suggests the existence of a constitutive metabolic deficiency in 
dopaminergic neurons from the substantia nigra. 

. Eur. J. Neurosci. (10.12.92) 
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Regulation ot protein tyrosine phosphorylation in rat 
hippocampal slices. 
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CHAMAK, B. / MORANDI, V. & MALLAT, M. s 

Brain macrophage stimulate neurite growth and regeneration 
by secreting thrombospondin. 
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DNA ADDUCTS INDUCED BY ENVIRONMENTAL CHEMICALS 


Bernadette Schoket 

Department of Biochemistry, Johan B§la National Institute of Public Health, Budapest, 
H-1097 Hungary 

Molecular events in chemical carcinogenesis involve the formation of DNA adducts 
of carcinogen metabolites but the relationship between this early event and later 
disease has not been fully elucidated. DNA adducts can be considered as molecular 
dosimeters for the assessment of the biologically effective dose resulting from 
genotoxic exposures. 

Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous environmental pollutants 
and many of them are known carcinogens. Therefore, several studies have been 
carried out in occupational settings in which populations are exposed to complex 
mixtures of PAHs. Aromatic DNA adducts or PAH-DNA adducts have been 
investigated in white blood cells from coke-oven and iron foundry workers, roofers, 
firefighters, surface coating and aluminium plant workers. Adduct levels have been 
determined by 32 P-postlabelling, enzyme-linked immunosorbent assay, ultrasensitive 
radioimmunoassay and synchronous fluorescence spectrophotometry. Most of the 
studies have been cross-sectional and designed to investigate the relationship between 
exposure and DNA adduct levels. There have been large interindividual variations and 
in most cases enhanced levels of DNA adducts have been detected in exposed 
populations in comparison to controls. Dose-related adduct formation has been found 
in iron-foundry and coke-oven workers and roofers. A longitudinal study has been 
performed in two aluminium plants in Hungary on two occasions one year apart, in 
order to obtain information on temporal variability of exposure and its relationship to 
DNA adduct levels. A significant increase of adduct levels occurred in one of the 
plants from one year to the next which may have originated from a change of the 
workplace atmosphere at the period of the second sample collection. 

More than 500 oil wells were set on fire in Kuwait in early 1991 which has 
produced a massive and unprecedented air pollution in the environment of the Persian 
Gulf region. Genotoxic effect of the chemically complex combustion material has been 
studied in white blood cell DNA of US personnel served in the region. Levels of 
aromatic DNA adducts determined by 32 P-postlabelling have not shown difference in 
a small group of individuals before and after the period of exposure. In a different 
investigation PAH-DNA adducts have been determined by dissociation-enhanced 
lanthanide fluoroimmunoassay before, during and after the period of exposure. Results 
have indicated elevated DNA adduct levels after the period of exposure in comparison 
to the previous two monitoring times. 

DNA adducts are useful markers of genotoxic exposure on group basis. 
Recognition and quantitation of multiple adducts may vary with the methods applied. 
Therefore, adduct levels have to be considered relative between individuals and 
exposure groups. Investigation of DNA adducts may lead to a better understanding of 
mechanisms of chemical carcinogenesis and contribute to improved carcinogenic risk 
assessment. 
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Smoking-related DNA adducts: 32 P-postlabeling analysis of 
7-methylguanine in human bronchial and lymphocyte DNA 
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7-methyLguanine DNA adducts were determined in 
macroscopically normal bronchial specimens and peripheral 
blood lymphocytes of 20 patients undergoing pulmonary 
surgery. A recently developed 32 P-postlabeling assay was 
applied with anion exchange chromatography as an adduct 
enrichment method. The material consisted of 13 smokers and 
7 non-smokers. The mean bronchial 7-methylguanine levels 
of 11 smokers and 6 non-smokers were 17.3 and 4.7 
adducts/10 7 nucleotides. In lymphocyte DNA, the respective 
mean levels were 11.5 and 2.3 adducts/10 7 nucleotides. The 
bronchial DNA adduct levels in smokers were statistically 
higher than those in non-smokers. Among 5 smokers, for 
whom both bronchial and lymphocyte DNA was available, 
7-methylguanine levels correlated in the two tissues 
(r = 0.77). 


Tobacco is considered to be one of the major causes of cancer 
(l). Many of the several thousand chemicals present in tobacco 
smoke are carcinogenic (2). Many of these carcinogens are also 
known to form covalent DNA adducts (e.g. polycyclic aromatic 
hydrocarbons, aromatic amines, jV-nitrosamines (3). The 32 P- 
postlabeling method has shown to be very suitable for detecting 
large, non-polar DNA adducts (4); and most human studies on 
tobacco-related DNA adducts, have focused on the polycyclic 
aromatic hydrocarbon-type of adducts (5-19). A potential role 
of tobacco-specific A/-nitrosamines in smoking-related cancers 
has been proposed (20). The main tobacco-specific N- nitro- 
samines, 4-(methylnitrosoamino)-l-(3-pyridyl)-l-butanone 
(NNK) and N'-nitrosonomicotine (NNN), NNK being a 
methylating agent, are carcinogenic in animals, and smokers are 
estimated to be exposed to these compounds at significant levels 
(20). In a previous study the relationship between 
0 6 -methyIguanine in placental DNA and smoking was 
investigated (21): The present study is the first attempt to show 
by the 32 P-postlabeling assay 7-methylguanines in human target 
and non-target tissue DNA in respect to smoking. DNA adducts 
were measured in bronchial specimens and peripheral blood 
lymphocytes of smokers and non-smokers. 

Sections of macroscopically normal bronchial tissue and blood 
were obtained from patients undergoing pulmonary surgery in 
the Thoracic Surgical Clinic of Postgraduation Medical School, 
Budapest, Hungary: Most of the 20 patients were carcinoma 
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patients, except for patients no. 18 and 20 (Table I). Based on 
hospital records the patients were divided into smokers and non- 
smokers, i.e. never-smokers; the mean ages of these groups were 
49.7 and 60.1 years respectively. 

Lymphocytes were isolated by centrifugation in Ficoll Paque 
(14). DNA isolation from bronchial specimens and peripheral 
blood lymphocytes is described elsewhere (7). The procedure 
for DNA digestion, adduct enrichment with anion exchange 
chromatography and 32 P-postlabeling of human DNA 
(13 —19 /ig) is described elsewhere (22,23). In the present study 
the labeled samples were applied to 10 x 10 cm TLC plates 
(Maherey Nagel) and developed in the first dimension with 0.1 M 
ammonium format, pH 5.3, and in the second dimension with 
0.1 M LiCl (Figure 1). Student’s Mest was used for statistical 
evaluations as the data were normally distributed. Different tests 
were applied when variances in the data sets were equal or 
nonequal L 

Figure 2 shows chromatographic patterns of 7-methylguanine 
analyses of bronchial and lymphocyte DNA isolated from 
smokers and non-smokers. Individual 7-methylguanine adduct 
determinations are based usually on 3 separate 32 P-posdabeling 
analyses. The mean bronchial adduct levels in 11 smokers and 
6 non-smokers were 17.3, and 4.7 7-methylguanines/10 7 
nucleotides respectively (Figure 3). The corresponding values 
in lymphocyte DNA were 11.5 and 2.3 7-methylguanines/10 7 
nucleotides respectively, in 7 smokers and 3 non-smokers. 
Statistical analysis showed that the mean bronchial adduct levels 
of smokers were significandy higher than the means of non- 
smokers. In lymphocyte DNA the difference between smokers 
and non-smokers was of borderline significance (P - 0.055). 
When 7-methylguanine levels in bronchial and lymphocyte DNA, 
obtained from the same smokers, were compared, a correlation 
was observed (Figure 4). Unfortunately, the correlation 
(r = 0.77) was based on only 5 individuals from whom both 
tissue samples were available (cf. Table I). There was no correla¬ 
tion in bronchial tissue or in lymphocytes between the adduct 
levels and the daily consumption of cigarettes (data not shown). 

Several reports have demonstrated, by using mainly the 32 P- 
postlabeling assay, the presence of aromatic adducts in smokers’ 
bronchus or lung tissue (5—21)* However, tobacco smoke 
contains more than 4 different compounds suggested to be 
carcinogenic (24). Among these, the main tobacco-specific N- 
nitrosamines, NNK and NNN, are both found in relatively high 
levels in mainstream and sidestream smoke and also in unbumed 
tobacco (20). A potential role of NNK and NNN in the induc¬ 
tion of cancers of the lung and esophagus has been proposed. 
Hydroxylation reactions are suggested as the main metabolic 
pathways for tobacco-specific jV-nitrosamines, resulting at least 
in the case of NNK in the formation of methyl diazonium 
hydroxide, capable of DNA methylation (20). 

DNA methylation at the O 6 - and N-7 positions of guanine by 
tobacco-specific /V-nitrosamines has mainly been identified in the 
target tissue of experimental animals (25,26). A correlation 
between 0 6 -methy I guanine levels, suggested promutagenic 
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Table I. Descriptive data of the patients whose bronchial and blood samples were analysed 

Patient 

no* 

Age 

Time since stopping 
smoking^ 

Diagnosis 6 

Years smoked 

Smoking history 
Cigarettes/day 

Smokers 





1 (m) 

62 

S 

42 

10 

2(m) 

53 

S 

35 

3 

3 (m) 

48 

S 

33 

20 

4 (m) 

47 

A 

32 

8 

5(m) 

67 

A 

50 

20 

6(m) 

64 

AN 

50 

60 

7 (m)' 

38 

S 

20 

25 

8(m) 

58 

S 

45 

20 

9(f) 

51 

SC 

32 

20 

10(f) 

39 

L 

33 

10 

11(f) 

42 

A 

20 

6 

12(f) 

40 

AN 

26 

16 

13(f) 

37 

A 

12 

7 

Non-smokers 





14 (m) 

65 

A 



13 (m) 

69 

S 



16(f) 

59 

A 



17(f) 

53 

A 



18(0 

64 

pneumonitis 



19(0 

66 

A 



20(0 

45 

cystadenoma 




*m = male; f *= female. 

b A, aderocarcinoma; AN, anaplastic carcinoma; L, large cell carcinoma; SC, small cell carcinoma; S, squamous cell carcinoma. 


adducts (27), and the formation of pulmonary neoplasia has been 
shown in rats (28). In a few studies methylated DNA adducts 
(0 6 -methylguanines) have been analysed in human DNAs from 
different sources (21,29-31). In the present study we analysed 
7-methylguanines in human DNA by using the ^P-posdabeling 
assay with a recently developed anion exchange chromatography 
as an adduct enrichment method (22,23). Patients undergoing 
pulmonary surgery offered an opportunity to compare the 
presence of DNA adducts in bronchial tissue and peripheral blood 
lymphocytes in relation to smoking. 

The present data demonstrated statistically significant 
differences between smokers’ and non-smokers' bronchial DNA: 
smokers had — 5-fold higher mean adduct levels than non- 
smokers respectively. In the present study, the mean adduct level 
in smokers as compared to non-smokers was almost significant 
in lymphocytes. Our recent results with healthy volunteers also 
showed a difference between smokers and non-smokers (23). 

Interindividual variations in the level of adducts were large, 
27 —46-fold, in bronchial DNA of smokers and non-smokers 
respectively; in the lymphocyte DNA the adduct levels varied 
somewhat less. The adduct values obtained here are in general 
in the range of our previous results for white blood cells (22,23). 
Shields et al. (32) reported, using combined high-performance 
liquid chromatography/ 32 P-postlabelmg, levels of 7-methyl- 
guanines comparable to the present bronchial levels in lung 
samples of 5 trauma victims, who were smokers. 

The adduct levels in bronchial tissue of the individual smokers 
correlated with the lymphocyte adduct levels (r = 0.77). This 
is an important observation, although based on 5 individuals only, 
because it shows for the first time that a specific adduct in 
lymphocytes is correlated with the adduct level in the target tissue. 
In a previous study on smokers van Schooten et al. (19) reported 
no correlation between total white blood cell and lung adducts. 



Fig. 1. An autoradiogram of a polyethylene imine-cdlulose TLC plate of 
7-methylguanines enriched by anion exchange chromatography. DNA 
(13—19 fig) isolated from bronchial specimens or peripheral blood 
lymphocytes were labeled with [*y- 32 Pl-in the presence of T4 polynucleotide 
kinase for 1 h after which 3'-phosphates were removed with nuclease PI. 
7-Methylguamnes were separated in a two-dimensional thin-layer 
chromatography system using O.i M ammonium formate, pH 5.3, in the 
first direction. The plate was cut, as shown, before development of the 
second direction with 0.1 M LiCh The exposure time of autoradiographic 
X-ray films (Kodak XAR-5) was 1 —3 hours. For details of the procedure 
see (22,23), 

but in fact the correlation among 8 current smokers was 
reasonable (r = 0.52). The analysis was based on no specific 
smoking-induced adducts. 

We found no correlation between the bronchial nor lymphocyte 
adduct levels and the daily consumption of cigarettes. Several 1 
possible factors may modulate the individual levels of 
7-methylguanines. Large interindividual differences in many 
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Smoking-related DNA adducts 



Fig. 2. The autoradiograms of polyefoyleneimine-cellulose maps of 
7-methylguanine adducts ^P-postlabcled from bronchial (B) or blood 
lymphocyte (L) DNA of a non-smoker (1) and a smoker (4). 


A 


BRONCHIAL DNA 


7-nwthy*ouantn«/t o 7 nucleotides 



B LYMPHOCYTE DNA 


7-methyt0uariin6s/lo 7 rrudeotides 
20 |- 



smokers non-smokers 

<n*7); (0-3) 


. 3. Individual 1 7-methylguanine levels in bronchial (A) and lymphocyte 
DNA of smokers and non-smokers. The differences between smokers 
non-smokers were significant at P < 0.01 in bronchial samples and at 
P — 0.055 in lymphocytes. 



Fig. 4. Correlation of 7-methylguanine levels between bronchial and 
lymphocyte DNA from smokers. 

pulmonary drug-metabolizing enzyme activities have been 
reported in humans (33,34). In tissue cultures and experimental 
animals the metabolism of different tobacco-specific N- 
nitrosamines and repair of methylated DNA demonstrated tissue 
and cell type specificity (35—37). Also little is known about spon¬ 
taneous depurination in vivo and how it might vary between 
individuals. Lastly, die extent of endogenous inethylation by e.g. 
S-adenosylmethionine and the formation of N-nitroso-compounds 
may also be confounding factors. Food is known to contain both 
precursors as well as catalysts and inhibitors of in vivo nitrosa- 
tion (38). 

In summary, the present study demonstrated the presence of 
7-methylguanines in human target and non-target DNA in relation 
to smoking. In a small group of current smokers the levels of 
7-methylguanine correlated between bronchial and lymphocyte 
DNA. 
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DETERMINATION OF SMOKING-RELATED DNA ADDUCTS IN LUNG-CANCER AND 
NON-CANCER PATIENTS 


Bernadette Schoket, Szilard Kostic* and Istv£n Vincze 
Department of Biochemistry, Johan B61a National Institute of Public 
Health and *Thoracic Surgical Clinic, Kor&nyi National Institute of 
Pulmonology, Budapest, Hungary. 


Molecular events of tobacco-associated carcinogenesis involve the 
formation of DNA adducts of carcinogen metabolites which is 
considered a necessary early step in this adverse process. DNA has 
been isolated from uninvolved bronchial tissues of 98 patients 
undergoing pulmonary surgery and aromatic DNA adduct levels have 
been determined by “P-postlabelling using the Nuclease PI adduct 
enrichment. Correlations have been investigated between levels of 
DNA adducts, smoking status, histological diagnosis and other 
factors. Statistical evaluations have been made by Mann-Whitney U- 
test. Mean DNA adduct level of the 45 current smokers was 9.87+4.06 
adducts in 10 8 nucleotides which was significantly higher (p=0.022) 
than that of the 16 life-time non-smokers having 7.59+3.63 adducts 
in 10 8 nucleotides. DNA adduct levels of those 25 former smokers, 
who stopped smoking within a year before surgery, did not differ 
significantly from the current smokers' adduct level. Those 12 
former smokers, however, who had given up smoking more than a year 
before surgery showed decreased levels of DNA adducts which was the 
same as life-time non-smokers’. Non-cancer patients, individuals 
with squamous-cell carcinoma and with other lung cancers exhibited 
very similar adduct levels, and no significant difference of adduct 
levels was found if cancer and non-cancer patients were compared 
either among the current smokers or life-time non-smokers. The 
results have given information on the persistence and slow repair 
of smoking-related aromatic DNA adducts in human bronchial tissue. 
Simple quantitative association has not been found between 
bronchial DNA adduct level and lung cancer. 
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Determination of smoking-related DNA adducts 
in human tissues - 

I. Vincze , B. Schoket, I. Drin and S S. Kostic 
Johan Bt§la National Institute of Public Health, 

§ Kor^nyi National Institute of Pulmonology, 
Budapest, Hungary 

Molecular events of tobacco-associated carcino¬ 
genesis involve the formation of covalent DNA 
addition products (DNA adducts) of carcinogen 
metabolites which is considered a necessary 
early step in this adverse process. The ^ 2 P- 
postlabelling technique was used for the deter= 
mination of bulky aromatic adducts in uninvolve d 
bronchial tissues and peripheral blood lympho¬ 
cytes from one hundred patients undergoing lung 
surgery. Smokers exhibited a significantly 
higher level of bronchial DNA adducts than non- 
smokers. Bronchial DNA adduct levels of former 
smokers who stopped smoking less than a year 
ago did not differ significantly from those of 
current smokers which indicates the persistence 
and slow repair of this type of DNA damage. 
Small.alkylated adducts are partly repaired by 
the 0 -alkylguanine alkyltransferase. Activity 
of this enzyme was measured in lung tissues of 
the same patients and it was elevated ip smoker s. 
Levels of ONA adducts and activity of 0 -alkyl¬ 
guanine alkyltransferase were not significantly 
different between the cancer and non-cancer 
groups of patients. Genotoxic effect of smoking 
was clearly shown but direct quantitative assoc - 
iation between the investigated markers and 
manifestation of lung cancer was not found. 
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148. J Wahren. Substrata metabolism during exercise in normal and diabetic 
man. In: Current Problems in Clinical Biochemistry: II Diabetes and 
Exercise, eds. M Berger, P Christacopoulos and J Wahren. Hang Huber 
Publishers, Bern, Stuttgart, Vienna, 1982, p. 57-68. 

149. R Gunnarsson, H Wallberg-Henriksson, J Henriksson, J Ostman and J 
Wahren. Exercise and physical training in type I diabetes. In: Sltandia 
International Symposium on Recent Trends in Diabetes Research, eds H 
Bo strom and N Lungstedt. Almqvist & Wiksell, 1982, p. 101-111. 

150. S Eriksson, L Hagenfeldt and J Wahren. Intravenous infusion of alfa- 
ketoisocaproate influence on amino acid and nitrogen metabolism in 
patients -with liver cirrhosis. Clin Sci 1982; 62:285-293. 

151. J Wahren, A Juhlin-Dannfelt, O Bjorkman, R DeFronzo and P Pelig. 
Influence of fibre ingestion on carbohydrate utilization and absorption. Clin 
Physiol 1982; 2:315-321. 

152. P Felig, M S Ali Cherif, A Minagawa and J Wahren. Hypoglycemia during 
prolonged exercise in normal man. New Engl J Med 1982; 306: 895-900. 

153. L S Eriksson and J Wahren. Branched chain amino acids what are they 
good for? Clin Nutr 1982; 1:127-135. 

154. H Wallberg-Henriksson, R Gunnarsson, J Henriksson, RDeFranzo, P Felig, 
J Ostman and J Wahren. Increased peripheral insulin sensitivity and 
muscle mitochondrial enzymes but unchanged blood glucose control in type 
I diabetics after physical training. Diabetes 1982; 31:1044-1050. 

155. L S Eriksson, A Persson and J Wahren. Branched-chain amino adds in the 
treatment of chronic encephalopathy. Gut 1982; 23: 801-806. 

156. J Wahren, J Denis, P Desurmont, L S Eriksson, J M Escoffier, A P 
Gauthier, L Hagenfeldt, H Michel, P Opolon, J C Paris and M Veyrac. 
Intravenous administration of branched chain amino adds in the treatment 
of hepatic encephalopathy. In: Amino Adds: Metabolism and Medical 
Applications, eds. G L Blackburn, J P Grant, V R Young. John Wright-PSG 
Inc., London, 1983, p. 497-500. 

157. E Hedfors, G Holm, M Ivansen and J Wahren. Physiological variation of 
blood lymphocyte reactivity: T-cell subsets, immunoglobulin production and 
mixed lymphocyte reactivity. Clin Immunol Immunopathol 1983; 27:9-14. 

158. R A DeFronzo, E Ferrannini, R Hendler, P Felig and J Wahren. Regulation 
of splanchnic and peripheral glucose uptake by insulin and hyperglycemia 
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in man. Diabetes 1983; 32: 35-45. 

159. J Wahren, J Denis, P Desurmont, L S Eriksson, J M Escoffier, A P 
Gauthier, L Hagenfeldt, H Michel, P Opolon, J C Paris and M Veyrac. Is 
intravenous administration of branched chain amino acids effective in the 
treatment of hepatic encephalopathy? A multicenter study. Hepatology 
1983; 3: 475-480. 

160. L Hagenfeldt, L S Eriksson and J Wahren. Amino adds in liver disease. 
Proc Nutr Soc 1983; 42: 497-506. 

161. J Wahren and L Hagenfeldt. Free fatty add and ketone body utilisation 
under normal and pathophysiological conditions. In: Becent Advances in 
Obesity and Diabetes, eds. N Melchionda, H Kuzuya and D Schade. Raven 
Press, New York, 1983, p. 353-365. 

162. K Acheson, E Jequigr and J Wahren. Influence of beta-adrenergic blockade 
on glucose-induced thermogenesis in mam J Clin Invest 1983; 72:981-986. 

163. L S Eriksson, L Hagenfeldt, P Felig and J Wahren. Leudne uptake by 
splanchnic and leg tissues in man: Relative independence of insulin levels. 
Clin Sd 1983; 65:491-498. 

164. L S Eriksosn, D H Law, L Hagenfeldt and J Wahren. Nitrogen metabolism 
of the human brain. J Neurochem 1983; 41: 1324-1328. 

165. E Ferrannini, J Wahren, O K Faber, P Felig, C Binder and R A DeFronzo. 
Splanchnic and renal metabolism of ins ulin in man. A dose response study. 
Am J Physiol 1983; 244: E517-E527. 

166. H Wallberg-Henriksson, R Gunnarsson, J Henriksson, J Ostman and J 
Wahren. Influence of physical training on formation of muscle capillaries 
in type I diabetes. Diabetes 1984; 33: 851-857. 

167. O Bjorkman, P Felig and J Wahren. The role of basal glucagon levels in 
the regulation of splanchnic glucose output and ketogenesis in insulin- 
deficient humans after an overnight and 60 hr fast. Clin Physiol 1984; 4: 
227-241. 

168. L S Eriksson and J Wahren. Do branched ehain amino adds have a role in 
the treatment of hepatic encephalopathy? Im Hepatic Encephalopathy in 
Chronic Liver Failure, ed. L Capocacda. Plenum Press, New York, 1984, 
p. 287-300. 

169. S Eriksson, D H Law, Y Sato and J Wahren. Influence of somatostatin on 
splanchnic hemodynamics in patients with liver drrhosis. Clin Physiol 
1984; 4: 5-11. 
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J Wahren, R Gunnarsson, L Hagenfeldt and H Wallberg-Henriksson. 
Diabetes and physical exercise. In; Diabetes Mellitus: Etiopathogenesis and 
Metabolic Aspects, eds. F Belfiore, D J Galton and G M Reaven. Karger, 
Basle, 1984, p. 181-192. 


J Faber, O Faber, A Wennlund and J Wahren. Splanchnic extraction of 
3,3’-diiodothyronine and 3\5*-diiodothyromne in hyperthyroidism. J 
Endocrin Metab 1984; 59: 147-150. 


J Wahren, Y Sato, J Ostman, L Hagenfeldt and P Felig. Turnover and 
spla nchni c metabolism of free fatty adds and ketones in insulin-dependent 
diabetics at rest and in response to exercise. J Clin Invest 1984; 73: 
1367-1376. 


L S Eriksson and J Wahren. Grenade aminosyror och behandling av 
patienter med levercoma tro eller vetande? L&kartidningen 1984; 81; 
774-776. 

A Alve strand, J Wahren, D Smith and R A DeFronzo. Insulin-mediated 
potassium uptake is normal in uremic and healthy subjects. Am J Physiol 
(Endocrinol Metabol) 1984; 246: E174-E180. 

L S Eriksson, B K&gedal and J Wahren. Effect of captopril on hepatic 
venous pressure and blood flow in patients with liver cirrhosis. Am J Med 
1984; 76: 66-70. 

K J Acheson, E Ravussin, J Wahren and E Jequi6r. Thermic effects of 
glucose: Obligatory and facultative thermogenesis. J Clin Invest 1984; 74: 
1572-1580. 


J Wahren. Pitfalls in the evaluation of therapeutic effects in patients with 
hepatic encephaloatphy. Lr Advances in HepaticEncephalopathy and Urea 
Cyde Diseases. Karger, Basel, 1984, p. 41-46. 

L S Eriksson, O Bjorkman, S Broberg and J Wahren. Inter-organ flux of 
ammonia during physical exercise. In: Advances in Hepatic Ecephalopathy 
and Urea Cycle Diseases. Karger, Basel, 1984; p. 180-186. 

L S Eriksson and J Wahren. How effective are branched drain amino adds 
in the treatment of patients with liver cirrhosis? In: Branched Chain 
Amino and Keto Adds in Health and Disease. Karger, Basel, 1984; p. 
540-542. 


O Bjorkman, K Sahlin, L Hagenfeldt and J Wahren. Influence of glucoBe 
and fructose ingestion on the capacity for long-term exercise in well-trained 
men. Clin. Physiol., 1984; 4:483-494. 

E Ferrannini, O Bjorkman, G A Reichard JR, A Pilo, M Olsson, J Wahren 
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and R A DeFronzo. The disposal of an. oral glucose load in healthy subjects. 
A quantitative study. Diabetes, 1985; 34: 580-588. 

182. H Wilczek, R Gunnarsson, P Felig, J Wahren and C G Groth. Normaliza- 
tion of hepatic glucose regulation following heterotopic pancreatic 
transplantation in man. Transpl Proc., 1985; XVII: 315-316. 

183. L S Eriksson, S Broberg, O Bjorkman and J Wahren. Ammonia metabolism 
during exercise in man. Clin. Physiol., 1985; 5: 325-326. 

184. L S Eriksson, E Reihner and J Wahren. Infusion of ornithine-alpha- 
ketoglutarate in healthy subjects: Effects of protein metabolism. Gin 
Nutr., 1985; 4: 73-76. 

185. R A DeFronzo, R Gunnarsson, O Bjorkman, M Olsson and J Wahren. 
Effects of insulin on peripheral and splanchnic glucose metabolism in non¬ 
insulin-dependent (type II) diabetes mellitus. J. Clin. Divest., 1985; 76: 
149-155. 

186. A Wennlund, P Felig, L Hagenfeldt and J Wahren. Hepatic glucose 
production and splanchnic glucose exchange in hyperthyroidism. J. Clin. 
Endocrinol. Metab., 1986; 62:174-180. 

187. G Ahlborg, J Wahren and P Felig. Splanchnic and peripheral glucose and 
lactate metabolism during and after prolonged arm exercise. J. Clin. 
Invest., 1986; 77: 690-699. 

188. M Merli, L S Eriksson, L Hagenfeldt and J Wahren. Splanchnic and leg 
exchange of free fatty adds in patients with liver cirrhosis. J. Hepatol., 
1986; 3: 348-355. 

189. H WaUberg-Henriksson, R Gunnarsson, S Rossner and J Wahren. Long¬ 
term physical training in female type I diabetic patients: Absence of 
sig nificant effect on glycaemic control and lipoprotein levels. Diabetologia, 
1986; 29: 53-57. 

190. A Hofstetter, Y Schutz, E Jequier and J Wahren. Increased 24-hour energy 
expenditure in dgarette smokers. New Engl. J. Med., 1986; 314: 79-82. 

191. B Asjo and J Wahren, Risk of nosocomial AIDS-virus infection during 
intravenous therapy in AIDS patients Virus characteristics and precau¬ 
tions. Nutrition International, 1986; 2: 268-270. 

192. J Wahren and L S Eriksson. The influence of a long-acting somatostatin 
analogue on splanchnic haemodynamics and metabolism in healthy 
subjects and patients with liver cirrhosis. Scand. J. Gastroenterol., 1986; 
(Suppl. 119): 103-108. 
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193. A Katz, S Broberg, K Sahlin and J Wabrcn. Muscle ammonia and amino 
add metabolism during dynamic exerdse in man. Clin. Physiol., 1986:6: 
365-379. 

194. A Katz, S Broberg, K Sahlin and J Wahren. Leg glucose u ptake during 
maximal dynamic exercise in man. Am. J. PhysioL, 1986; 251: E65-E70. 

195. R Gunnarsson, H Wallberg-Henriksson, S Rdssner and J Wahren. Ser um 
lipid and lipoprotein levels in female type I diabetics: Relationship to 
aerobic capacity and glycemic control. Diabete et Metabolism, 1987; 13:417- 
421. 

196. L S Eriksson, T Brundin, C Soderlund and J Wahren. Haemodynamic 
effects of a long-acting somatostatin analogue in patients with liver 
cirrhosis. Scand. J. Gastroenterol., 1987; 22:919-925. 

197. T Bru n d in , L Hagenfeldt, R Soderberg and J Wahren. Blood flow, substrate 
utilization and heat generation in tissues drained by the azygos vein in 
man. Clin. Physiol., 1987; 7: 481-492. 

198. T Brundin, R Sdderberg and J Wahren. A versatile te chnique for multi¬ 
channel, digital blood temperature recording in man. Clin. Physiol., 1987; 
7:537-540. 

199. I Magnusson, V Chandramouli, W C Schumann, K Rtimaran, J Wahren 
and B R Landau. Quantitation of the pathways of glycogen formation on 
ingesting a glucose load. J. Clin. Invest., 1987; 80:1748-1754. 

200. J Wahren. Kolhydratoms&ttning hos mSnniska. I: Klinisk Nutrition, red. 
L S Eriksson, T Mossberg och J Wahren, Norstedts, 1987; 27-36. 

201. J Wahren. Metabolisk anpassndng till fasta. I: Klinisk Nutrition, red. L.S. 
Eriksson, T. Mossberg och J. Wahren. Norstedts, 1987; 91-98. 

202. T Brundin, R Soderberg and J Wahren. Heat production in tissues drained 
by the azygos vein. In: Highlights on Endocrinology, Proc. First European 
Congress on Endocrinology, Ed. C Christiansen and B J Riis. Copenhagen 
1988, pp 379-384. 

203. J Wahren. Extra-hepatic ammonia metabolism, hi: Advances in Ammonia 
Metabolism and Hepatic Encephalopathy, Ed. P.B. Soeters, J.H.P. Wilson, 
AJ. Meijer and E. Holm, Excerpta Medica Int. Congr. Series. 761.1988, 
121-129. 

204. S Broberg, J Wahren and L S Eriksson Ammonia metabolism during 
exercise in patients with liver cirrhosis. In: Advances in Ammonia 
Metabolism and Hepatic Encephalopathy, Ed. P.B. Soeters, J.H.P Wilson, 
A.J. Meijer, and E. Holm, Excerpta Medica Int. Congr. Series. 761.1988, 
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205. M Soop, O Bjorkman, G Cederblad, L Hagenfeldt and J Wahren. Influence 
of carnitine supplementation on muscle substrate and carnitine metabolism 
during exercise. J. Appl. Physiol., 1988; 64(6): 2394-2397. 

206. O Bjorkman and J Wahren. Glucose homeostasis during and after exercise. 
In: Exercise, Nutrition and Energy Metabolism. Ed. E.S Horton, R.L. 
Teijung, McMillan Publ. Comp., 1988, 100-115. 

207. A Alvestrand, R A DeFronzo, D Smith and J Wahren. Influence of 
hyperinsulinemia on intracellular amino add levels and amino add 
exchange across splanchnic and leg tissues in uraemia. Clin. Sd., 1988; 74: 
155-163. 

208. S Eriksson and J. Wahren. Patofysiologiska aspekter pi substratoms&tt- 
ningen vid leverdrrhos. I: Hepatologi, del. 1, red. F. Bar any, K Einarsson, 
L.S. Eriksson, L. H:son Nilsson. 1988,35-48. 

209. B R Landau and J Wahren. Quantification of the pathways followed in 
hepatic glycogen formation from glucose. FASEB J. 1988; 2: 2368-2375. 

210. 1 Magnusson, V Chandramouli, WC Schumann, K Kumaran, J Wahren and 
B R Landau. Pentose pathway in human liver. Proc. Natl. Acad. Sd. (USA), 
1988; 85: 4682-4685. 

211. M Curvall, E K Vala, J Wahren and C R Enzell. Concentration of cotinine 
in body fluids as a measure of nicotine intake by nonsmokers. In; The 
Pharmacology of Nicotine. IRL Press, Oxford. Eds. M.J. Rand, K. Thurau. 
1988; 32-34, 

212. I Magnusson and J Wahren. Mechanisms of hepatic glycogen formation 
after glucose administration in humans. In: The pathogenesis of non¬ 
insulin dependent diabetes mellitus. Raven Press, New York. Ed. V. Grill, 
S. Efendic. Nobel Conference Series 1988; 119-128. 

213. J Wahren, C von Euler and L S Eriksson. Effect of indomethadn on leg 
exchange of amino adds in septic traumatised patients. Clin. Nutr., 1988; 
7: 203-206. 

214. O Bjorkman, R Gunnarsson, E HagstriJm, P Felig, and J Wahren. 
Splanchnic and renal exchange of infused fructose in ineulin-defident type 
I diabetic patients and healthy controls. J. Clin. Invest., 1989; 83: 52-59. 

215. A Thome and J Wahren. Beta-adrencrgic blockade does not influence the 
thermogenic response to a mixed meal in man. Clin. Physiol., 1989; 9:321- 
332. 
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216. L S Eriksson, A Thome and J Wahren. Diet-induced thermogenesis in 
patients with liver cirrhosis. Clin. Physiol., 1989; 9:131-141. 

217. A Thome and J Wahren. Diet-induced thermogenesis in well trained 
subjects. Clin. Physiol., 1989; 9: 295-305. 

218. A Thome, D Hallberg and J Wahren. Meal-induced thermogenesis in obese 
subjects before and after weight reduction. Clin. Physiol., 1989; 9:481-498. 

219. L S Eriksson and J Wahren. Intravenous and subcutaneous administration 
of a long-acting somatostatin analogue: Effects on glucose metabolism and 
splanchnic hemodynamics in healthy subjects. Europ. J. Clin. Invest., 
1989; 19: 213-219. 

220. I Magnusson, v Chandramnuli, Wf! fiftti nnwnn, 17 TCwmaron, J Wahren and 
B R Landau. Pathways of hepatic glycogen formation in humans following 
ingestion of a glucose load in the fed state. Metabolism, 1989; 38:583-585. 

221. I Magnusson, R Kihlberg, A Alvestrand, J Weraennan, L Ekman and J 
Wahren. Utilization of intravenously administered N-acetyi-L-glutamine 
in humans. Metabolism, 1989; 38; Suppl 1:82-88. 

222. K Giesecke, I Magnusson, M Ahlberg, L Hagenfeldt and J Wahren. Protein 
and amino acid metabolism during early starvation as reflected by 
excretion of urea and methylhistidines. Metabolism, 1989; 38:1196-1200. 

223. J Ostman, J Bolinder, R Gunnarsson, C Brattstrom, G Tyden, J Wahren 
and C-G Groth. Effects of pancreas transplantation on metabolic and 
hormonal profiles in IDDM patients. Diabetes 1989; 38:88-93. 

224. I Magnusson, L Ekman, M WSngdabl and J Wahren. N-acetyl-L-tyro sine 
and N-acetyi-L-cysteine as tyrosine and cysteine precursors during 
intravenous infusion in humans. Metabolism, 1989; 38:957-961. 

225. M Soop, E Forsberg, A Thome, G Cederblad, L Hagenfeldt and J Wahren. 
Effect of carnitine supplemented TPN on turnover and mu6de utilization 
of free fatty adds in patients with persistent postoperative infection. Clin. 
Nutrition., 1989; 8: 151-160. 

226. L S Eriksson, L Hagenfeldt, V Mutt and J Wahren. Influence of vasoactive 
intestinal polypeptide (VIP) on splanchnic and central hemodynamics in 
healthy subjects. Peptides, 1989; 10: 481-484. 

227. H Wallberg-Henriksson and J Wahren. Effects of nutrition and diabetes 
mellitus on the regulation of metabolic fuels during exercise. Am J Clin 
Nutr 1989; 49:938-943. 

228. J Wahren and I Magnusson. Physiological and clinical aspects of 
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glutamine metabolism. In: Perspectives in clinic al nutrition, ed. JM 
Kinney, PR Borum, Urban & Schwartzenberg. 1989; 99-112. 

229. J Wahren. GlukosomsSttning hos mSnndska. Lakardagarna i rebro. Sv 

' Median. 1989; 14: 21-31. 
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230. A Thome, I Nfiriund and J Wahren. Meal-induced thermogenesis in 
previously obese patients. Clin. Physiol. 1990; 10: 99-109. 

231. I MagnusKon, A Wennlund, V Chandrammili, W ft Schnwiann, KTC nmaran, 

| J Wahren and B R Landau. Fructose-6-phosphate cycling and the pentose 

cycle in hyperthyroidism. J. Clin. Endocrinol. Metab. 1990; 70:461-466. 

f 

| 232. O Bjorkman, L S Eriksson, B Nyberg and J Wahren. Gut exchange of 

glucose and lactate in basal state and after oral glucose ingestion in 
| postoperative patients. Diabetes. 1990; 39: 747-751. 

233. A Thome and J Wahren. Diminished meal-induced thermogenesis in 

r elderly man. Clin. Physiol. 1990; 10:427-437. 

234. J Sjdlin, H Stjemstrom, G Friman, J Larsson and J Wahren. Total and net 

* muscle protein breakdown in infection determined by amino add effluxes, 

t Am. J. Physiol. 1990; 258: E856-863. 

f 235. H Wallberg-Henriksson and J Wahren. Clinical implications of exercise in 

< diabetes mellitus. 13th International Diabetes Federation Congress, 20-25 

November 1988, Sydney, Australia. 

{ 

L 236. M Curvall, E K Vala, C R Enzell and J Wahren. Simulation and evalua¬ 

tion. of nicotine intake during passive smoking - cotinine measurements in 
j body fluids of non-smokers given i.v. infusions of nicotine. Clin. Pharma- 

‘ ' col. Ther. 1990; 47:42-49. 

\ 237. M Soop, E Porsberg, A Thome, G Cederblad and J Wahren. The effect of 

' carnitine supplementation on carnitine balance in patients with persistent 

postoperative infection. Clinical Nutrition. 1990; 9:195-205. 

t 

238. L S Eriksson, C Sdderman, B G Ericzon, L Eleborg, G Hedenstiema and 
J Wahren. Hypoxemia cured by liver transplantation. Transplant. Proc. 
1990; 22:172-173. 

f 239. K Magnusson, J Wahren and L Ekman. Protein synthesis in skeletal 

l_ muscle during starvation and refeeding: Comparison data from intact 

muscle and muscle biopsy material. Metabolism. 1990; 39:1113-1117. 

240. E Persson, J NordenstrSm, P Nilsson-Ehle, L Hagenfeldt and J Wahren. 
Plasma lipolytic activity and substrate oxidation after intravenous 
administration of heparin and a low molecular weight heparin fragment. 
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Clin. Physiol. 1990; 10:573-583. 
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John Wahren 


Nicotine Physiology and Metabolism 
Summary of current projects 


1. The current status of knowledge regarding metabolism and pharmacokine¬ 
tics of nicotine was updated and summarized at an international sympo¬ 
sium in June 1992 at Salsomaggiore, Italy. The meeting was organized by 
Professors Gorrod and Wahren, who will also be the editors of the pro¬ 
ceedings from the meeting. The publication will be a monograph entitled 
"Biochemistry and Metabolism of Nicotine and Related Alkaloids", 
published by Chapman and Hall Scientific Publishers, London. The work 
with the monograph is now in its final stages and publication is expected 
in July or August, 1993. 

2. Studies are in progress concerning the influence of nicotine on regional 
circulation and metabolism of the human brain. They involve "functional 
imaging" of the brain by NMR-technique as well as determination of 
regional brain blood flow by PET-technique. The studies are being done in 
collaboration between the Karolinska Hospital, Stockholm and the Max- 
Planck Institute in Gottingen. The preliminary findings in three individ¬ 
uals receiving intravenous nicotine indicate that blood flow to the visual 
and auditory cortex is augmented by nicotine and, conversely, that flow to 
the cerebellum is diminished. The NMR- and PET-techniques lend 
themselves excellently to this type of study and the results may be the first 
demonstration of regional effects of nicotine on brain blood flow and 
metabolism in humans. 

3. A study concerning hepatic and renal nicotine disposal in humans has been 
carried out together with Johan Gabrielsson. The results provide the first 
direct demonstration and quantitataive measurement of hepatic nicotine 
extraction in humans. The data were presented in preliminary form at the 
Salsomaggiore meeting and have now been evaluated and written up for 
a peer review journal. The final manuscript is now being adjusted and will 
be submitted within a month. It is a project that has received FTR support. 

4. The effect of cigarette smoking on whole body energy expenditure on a 
short-term basis has been examined using indirect calorimetry. These 
studies extend previous findings concerning cigarette smoking and 24 h 
energy expenditure, published earlier by Hofetetter and Wahren in New 
England Journal of Medicine. The data describe the magnitude, time 
course and mechanism of nicotine’s stimulatory action on energy expendi¬ 
ture. The study has been supported by FTR. A manuscript is tinder way 
and should be ready for submission by the end of June, 1993. 

5. A study is in progress concerning the possible influence of liver disease on 
nicotine disposal. We have examined patients with cirrhosis of the liver 
during nicotine infusion. Additional studies are required, but the prelimi¬ 
nary data indicate a delayed disposal of nicotine and a retarded conversion 
of nicotine to cotinine. A completed study should be ready within 4-6 
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months depending on the availability and outcome of the nicotine analyses. 

6. A study has been undertaken to examine the relationship between arterial 

nicotine concentrations during cigarette smoking and nicotine content and 
puffing pattern. Thirty subjects participated in the study and a pneumo¬ 
tachograph was employed to determine the puff characteristics. The 
find i ng s demonstrate large intra-individual variations in arterial ni mtina 
concentration during smoking and that the cigarettes’ nicotine yield or the 
smoking pattern both are of minor importance for the arterial nicotine 
concentration. The data have been evaluated and a preliminary manuscript 
is ready. The final paper will be sent for publication within 1-2 months. 


Publications in progress 

1. Biochemistry and metabolism of nicotine and related alkaloids, eds John 
Gorrod and John Wahren, Chapman and Hall, London, 1993 in press. 

2. J Wahren. New methods for probing the in vivo disposition of nicotine in 
humans, in Biochemistry and metabolism of nicotine and related alkaloids, 
eds J Gorrod and J Wahren, Chapman and Hall, London, 1993 in press. 

3. J Wahren, J Gabrielsson, M Curvall. Hepatic and renal exchange of 
nicotine in humans. J Clin Pharmacol Ther 1993, to be submitted. 

4. J Wahren, Y Schutz, R Soderberg. Stimulation of energy expenditure 
during cigarette smoking. Am J Physiol 1993, to be submitted. 

5. J Wahren, R Soderberg. Arterial nicotine and cotinine concentrations and 
cigarette smoking patterns. Clin Sd 1993, to be submitted. 
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